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PREFACE 



A t the time of the Romantic movement, when, under the impact of the 
newly established periodization that did not do justice to historical facts, there 
prevailed a biased view of the Renaissance and a negation of the achievements 
of the Middle Ages, Jean-Jacques Sedillot and his son Louis-Amelie published in 
1834 the French translation of the manuscript preserved in Paris of the monumen- 
tal Arabic work by Abu 1 -Hasan al-MarrakusI (7th/i3th c) on applied astronomy 
and astronomical instruments. 1 This was followed ten years later by an admirable 
study of al-Marrakusl’s book by Sedillot junior. 2 No doubt, men like Johann Gott- 
fried Herder (1744-1803), Johann Wolfgang von Goethe (1749-1832), Kurt 
Sprengel (1766-1833), or Alexander von Humboldt (1769-1859), had previously 
given due credit — in the spirit of Humanism — to the Muslims or Arabs for their 
achievements in the history of science. Yet for decades Sedillot and his son fought 
for a more just approach by the scholarly world towards the achievements of the 
Arabic-Islamic world, even though this was resented by their academic colleagues 
and by the French Academy. 

By a happy coincidence, the battle fought by the two Sedillots was supported 
by the work of the indefatigable scholar Joseph-Toussaint Reinaud (1795-1867). 
Produced with no less creativity and conviction, Reinaud’s oeuvre dealt with the 
areas of geography, 3 Islamic archaeology 4 and the technology of warfare. 5 In one of 
his publications, he gave meaningful expression to the concept of the unity of the 
history of science in the following words: 6 “Chance does not play such an impor- 
tant role in the progress of the technical sciences and the arts. In all its discoveries, 
humanity moves at an even pace, step by step, not by leaps and bounds. It does not 
always march ahead with the same speed, but its [viii] progress is continuous. Man 



1 Traite des instruments astronomiques des Arabes, 2 vols, Paris 1834-1835 (reprint Frankfurt 
1998, Islamic Mathematics and Astronomy, vol. 41). 

2 Memoire sur les instruments astronomiques des Arabes, Paris 1844 (reprint in: Islamic Math- 
ematics and Astronomy, vol. 42, pp. 45-312). 

3 Among Reinaud’s numerous publications in this area, his Introduction generate a la geographic 
des Orientaux had an especial impact on the historiography of geography; it appeared as the intro- 
ductory volume to his translation of the geographical work of Abu 1 -Fida {Geographic dAboulfeda, 
2 vols., Paris 1848, 1883; reprint Frankfurt 1998 as Islamic Geography, vols. 277-278). 

4 Monumens arabes, persans et turcs du cabinet de M. le Due de Blacas, 2 vols., Paris 1828. 

5 In this area, mention may be made of the study produced in collaboration with Ildephonse 
Fave: Du feu gregeois. Des feux de guerre et des origines de la poudre a canon, Paris 1845 (reprint 
Frankfurt 2002, Natural Sciences in Islam, vol. 87). 

6 J.-T. Reinaud and I. Fave, Du feu gregeois, op. cit., p. 2. 
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does not invent, he deduces. If we take any area of human knowledge, its history, 
that is to say the history of its progress, should form an uninterrupted chain; the 
factual history provides us with parts of this chain, and our research must consist in 
finding the lost links so that we can join one part with the other.” 

While Ernest Renan (1823-1892) propounded in his Averroes et lAverroisme , 
which appeared in 1853, an entirely new oudook on the reception of Arabic phi- 
losophy in Europe — an outlook that is surprising for the historian of science 
— , an extra-ordinarily gifted young German scholar, who studied in Paris with 
Alexander von Humboldt’s support, published between 1851 and 1864 some forty 
studies on Arabic mathematics. He was Franz Woepcke (1826-1864), who un- 
fortunately died too young at the age of 38. His works written in French, some of 
which remain unsurpassed even today, constitute a solid foundation for the his- 
toriography of Arabic-Islamic mathematics of our times. Particularly impressive 
was his dissertation L’algebre d’Omar Alkhayyami, which appeared in 1851. Here 
Woepcke establishes that the book on algebra by the philosopher, astronomer and 
mathematician ‘Umar al-Haiyam from the second half of the 5th/nth century 
contains a systematic treatment of cubic equations. This conclusion surprised the 
contemporary mathematicians all the more because they remembered the sweep- 
ing judgment by Jean-Etienne Montucla, 7 who was considered an authority on the 
history of mathematics, to the effect that the Arabs did not go beyond quadratic 
equations in algebra. Thus the intensive and extensive research and studies of the 
great Arabists J.-J. Sedillot, L.-A. Sedillot, J.-T. Reinaud and F. Woepcke opened 
up remarkable and hitherto unanticipated perspectives for the future research on 
the role of the Arabic-Islamic scholars in the universal history of science. 

The powerful impulses given by these four scholars were not without conse- 
quences, when in 1876 Eilhard Wiedemann (1852-1928) began his studies, which 
he was to continue for half a century. Wiedemann was a physicist and the majority 
of his publications are in the field of physics and technology, yet, as time passed, 
he extended his interest to almost all branches of Arabic-Islamic science. The writ- 
ten output of this indefatigable scholar appeared in more than 200 articles and 
monographs. His works, later collected in five extensive volumes , 8 were of decisive 



7 Histoire des mathematiques, vol. 1 , Paris 1758, p. 3596 

8 The first two volumes, published by Wolfdietrich Fischer under the title Aufsdtze zur ara- 
bischen Wissenschaftsgeschichte (Hildesheim and New York 1970), contain the 8 1 articles by Wiede- 
mann which appeared in ‘Sitzungsberichte der Physikalisch-medizinischen Sozietat zu Erlangen. 
The great majority of his other writings were collected in three volumes as Gesammelte Schriften 
zur arabisch-islamischen Wissenschaftsgeschichte by Dorothea Girke and Dieter Bischoff (Frankfurt: 
Institut fur Geschichte der Arabisch-islamischen Wissenschaften 1984). 



PREFACE 



ix 



influence on the historiography of natural sciences during the author’s life-time as 
also later on, and will be indispensable for future research. 

[ix] Moreover, Wiedemann attracted a large number of pupils and entrusted them 
with research on important aspects. The work produced by them was as substantial 
as that of the teacher. This has constituted until now, and will continue to be so in 
future, the building blocks for the historiography of the natural sciences cultivated 
in the Arabic-Islamic world. 

It is a pleasant duty for me to state that in our efforts to construct and recon- 
struct instruments, devices and tools which were used, developed, or invented in 
the Arabic-Islamic world, we have once again Eilhard Wiedemann as the forerun- 
ner to be emulated. He reports in several of his writings that he and his assistants 
reconstructed one or the other instrument. Unfortunately, I was not able to find out 
more about the fate of his models, beyond the fact that in 191 1 the Deutsches Mu- 
seum in Munich bought five pieces from Wiedemann and the mechanic F. Kelber, 
who worked with him. The correspondence on the astrolabe, which was among 
them, shows the difficulties that were encountered at that time, especially in repro- 
ducing the letters of the alphabet. Upon the request of the Museum to have these 
engraved in Arabic, Wiedemann replied thus: “I suggest that the numbers on the 
astrolabe be chiseled in our script. In Arabic script, they would need to be engraved, 
which would be expensive and would also mean much trouble for me.” We know 
now that the prototype for Wiedemann’s model was an astrolabe by Muhammad 
Ibn as-Saffar (420/1029, see vol. II, p. 95), which is now in the possession of the 
Staatsbibliothek at Berlin. The instrument “was manufactured; the doubtful areas 
on the limb and on the back remained empty; instead of engraving the legends, 
appropriately printed papers were pasted on the plates and on the rete.” 9 

The instruments and apparatuses, tools and devices which are described in the 
present Catalogue and are depicted in its illustrations were produced for the pur- 
pose of contributing — together with the publications of the Institute for the His- 
tory of Arabic-Islamic Sciences which was founded in 1982 at the Johann Wolf- 
gang Goethe-University at Frankfurt — towards a revision of the prevailing nega- 
tive notions about the achievements made over around eight hundred years in the 
Arabic-Islamic world. While striving for such a revision, we proceed neither in our 
basic assumptions nor in our actions in a heuristic manner, but believe [x] in the 
unity of the history of science, thus adhering to the credo formulated by Reinaud 
and Fave to the effect that the common scientific heritage of mankind grows by 
continuous steps, though not always in a linear fashion but though with varying 

9 Burkhardt Stautz, Die Astrolabiensammlungen des Deutschen Museums und des Bayerischen Na- 
tionalmuseums , Miinchen 1999, pp. 385-386. 
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speed. When a particular culture area at a given time takes the lead, or rather, is 
led to take the scientific heritage further by yet another step, be it large or small, 
then the historical conditions and the level of progress achieved by the forerunner 
are the factors that influence the speed and the progress, if any, of the successor. 
The dominant position of the Greeks is generally acknowledged and appreciated 
by the historiography of science. Yet, there is still some uncertainty about the ques- 
tion, which Greek scholars do not like to discuss, about the directly or indirectly 
inherited achievements from the previous and neighboring culture areas which the 
Greeks drew upon and elaborated further. On this, Otto Neugebauer said as late 
as in 1932: “Every attempt to connect Greek [science] with pre-Greek [science] 
encounters strong opposition. The possibility of having to modify the received no- 
tion about the Greeks is always unwanted, in spite of all the changes which the 
received notion underwent from Winkelmann’s time onwards by the simple fact 
that since then, to the 2500 years of ‘history’, another 2500 years more have been 
added, and the Greeks are therefore in the middle [of history] and not any more 
at the beginning.” 10 

Here one may mention a fact to which, in my view, enough attention has not 
been paid so far in the history of science; namely that we can recognize the sources 
and the forerunners of the Arab-Islamic scholars more easily and more clearly than 
in the case of other cultures known to us. Indeed Arab scholars were in the habit of 
quoting their sources with precision and of mentioning their forerunners, in par- 
ticular the Greeks, with high respect and gratitude. Thus they enable us, for exam- 
ple, to trace the otherwise unknown instruments of the Greeks, or to recover from 
quotations fragments of Greek writings, which have been lost in the original. 

[xi] It is true that, since the powerful impetus we owe to J.-J.Sedillot, L.-A. Se- 
dillot, F.-T. Reinaud and F. Woepcke, much has been contributed by the Arabists, 
who were interested in the history of science, towards modification of the prevalent 
unfounded notion about the achievements made by the Arabic-Islamic world in 



10 Zur geometrischen Algebra, in: Quellen und Studien zur Geschichte der Mathematik, Astron- 
omic und Physik (Berlin) 3/1936/245-259, esp. p. 259. In his innumerable publications, Neuge- 
bauer strove to clarify the question about the forerunners to the Greeks in the areas of astronomy 
and mathematics; see, besides his monumental work A History of Ancient Mathematical Astronomy 
(3 vols., Berlin, Heidelberg, New York 1975), the following publications: Uber griechische Mathema- 
tik und ihr Verhaltnis zur vorgriechischen , in: Comptes rendus du Congres international des mathe- 
maticiens (Oslo 1936), Oslo i937,pp. 15 7- 170; U b er babylonische Mathematik und ihr e St ellung zur 
agyptischen und griechischen , in: Atti des XIX Congresso Internazionale degli Orientalisti (Roma 
1935), Rome 1938, pp. 64-69; The Survival of Babylonian Methods in the Exact Sciences of Antiquity 
and the Middle Ages, in: Proceedings of the American Philosophical Society 107/1963/528-535; 
Babylonische Mathematik und Astronomie und griechische Wissenschaft, in: 400 Jahre Akademisches 
Gymnasium Graz. Festschrift, Graz 1973, pp. 108-114. 
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the intellectual history of humankind. Even so, E. Wiedemanns lament of 1918 
unfortunately remains valid: “Again and again we encounter the view that the Ar- 
abs have merely preserved for us through translations the knowledge gained from 
antiquity without, however, adding anything substantially new.” 11 The reason is 
mainly to be seen in the fact that in the historiography of science there prevails a 
persistent attitude which ignores the approximately 800 year long creative period 
of the history of science, thereby also already decisively influencing schoolbooks, 
the basic notions of modern man with regard to the history of science. This judg- 
ment holds good not only for the Occident, but in its widest sense also for today’s 
Arabic-Islamic world, where school books are designed according to American or 
European models. 

We hope the future visitors can acquaint themselves either in the Museum here 
or in exhibitions elsewhere with the instruments and devices of our Museum, 
which are described in the present Catalogue; we hope that this acquaintance will 
contribute to the concept of the unity of the history of science, which states that 
in the period between late antiquity and the European modern age the Arabic- 
Islamic world was the one most capable of development and the most influential 
cultural area and was the essential link between the Old World and the emerging 
Occident. 

The introduction in the present first volume of the Catalogue is also to serve as 
an aid to the hoped-for revision. At first, the introduction was planned as a simple 
outline in order to provide the user of the Catalogue with some historically helpful 
information. During the course of writing, it took on the present form because the 
material to be communicated to the reader was much more than at first envisioned. 
The presentation appearing under the audacious title Introduction to the History of 
Arabic-Islamic Sciences is an attempt, perhaps the first of its kind, to summarize 
briefly and in chronological order the relevant conclusions arrived at in research to 
date, without introducing — just for their sake — the eminent personalities who 
were responsible for the development. It is an attempt, which may have its validity 
for some time [xii] and, considering the research into Arabic-Islamic natural sci- 
ences which is fortunately progressing well today, it may soon hopefully serve as a 
spring board for an enlargement of this presentation. 

In the case of a small portion of our astronomical and medical models, we have 
depended upon the exhibits in museums without, of course, being able to achieve 
the perfection of the originals. The largest part of our models are based on illustra- 



11 Die Naturwissenschaften bei den orientalischen Volkern , in: Erlanger Aufsatze aus ernster Zeit, 
Erlangen 1917, pp. 49-58, esp. p. 50 (reprint in: E. Wiedemann, Gesammelte Schriften, vol. 2,pp. 
853-862, esp. p. 854). 
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tions and descriptions in Arabic, Persian, Turkish or Latin sources, either on the 
basis of the originals or of studies. A certain number of models were produced in 
our workshop. In the reconstruction of the larger part, we depended on the help 
of people from outside. In this connection, my sincere thanks are due to Gunter 
Hausen (Frankfurt, Institut fur angewandte Physik), Herbert Hassenflug (Frank- 
furt, Physikalisches Institut), Matthias Heidel (Frankfurt), Werner Freudemann 
(Frankfurt), Gunnar Gade (Marburg), Professor Andre Wegener Sleeswyk (Gron- 
ingen), Dr. Gunther Oestmann (Bremen), Dr. Felix Liihning (Bremen), Mahmut 
Inci (Diisseldorf), Martin Brunold (Abtwil, Schweiz), Eduard Farre (Barcelona), 
Aiman Muhammad All (Cairo), Abdalwahhab Kazim (Cairo), All Wafa (Cairo) 
and Kurultay Selvi (Istanbul). 

For the preparation of the Catalogue, I owe thanks, besides to my colleague Eck- 
hard Neubauer, to Mr Daniel Franke who designed the layout, prepared the photos 
and drawings, independently worked on the chapter on “Antique Objects” (Ch. 13) 
and who, with his knowledge and critical interest, substantially contributed to the 
success of the undertaking, as also to my colleague Mr. Lutz Kotthoff, who fabri- 
cated many of the models in our workshop, made an inventory of the artifacts and 
contributed technical drawings as well as descriptions of the instruments. I thank 
my colleagues Dr. Gesine Yildiz, Dr. Carl Ehrig-Eggert and Norbert Lochter for 
compiling the indices and bibliographies. Dr. Annette Hagedorn (Berlin) very 
kindly took up the description of glass and ceramics with oriental designs (Ch. 
14). My thanks are also due to UNESCO for the financial support for printing the 
French version of the Catalogue. 

I cannot thank my wife adequately enough, not only for following the various 
stages of the preparation of the manuscript of the Catalogue and for repeatedly 
reading the proofs, but above all, for being at my side through all the difficulties 
while setting up the museum and for giving me encouragement. 



Fuat Sezgin 



Frankfurt, August 2003 
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I. 

THE DEVELOPMENT OF SCIENCE IN ISLAM 



From the ist/ 7 th to the ioth/i6th Century 



I have done what everybody should do in their 
profession accept the achievements of your predecessors 
gratefull do not shrink from correcting possible blunders 
and bequeath what seems worthy, to your successors 
and future generations. al-Biruni (d. 440/1048) 



[1] IN AN INTRODUCTION to the present 
Catalogue it is a difficult task to convey to the 
reader an adequate idea of the importance of 
the Arab-Islamic culture area in the univer- 
sal history of science. It is difficult, not only 
because only a modest part of the extant source 
material of manuscripts in Arabic, Persian and 
Turkish has been published and only a small 
portion analysed so far. There are various other 
reasons that render such an undertaking diffi- 
cult. The reception and assimilation of Arab- 
Islamic science, right in the middle of its active 
phase, encountered hostility and violent rejec- 
tion in the Occident as early as in the second 
half of the 7th/r3th century. This hostile cur- 
rent, motivated to a large extent by religious 
zeal and sustained up to the r9th century in 
spite of some resistance, has deeply influenced 
the spirit and mode of presentation in the his- 
toriography of science in Europe since the r 6th 
century. Influenced by this current, historians 
of science were led, noticeably for the first 
time in the 18th century, to a view of universal 
history, wherein the expression Renaissance 
automatically, by definition, resulted in the 
denial of any creative status for Arab-Islamic 
sciences in the intellectual history of mankind. 
In a crude periodisation of the history of sci- 
ence that is far removed from reality, the phe- 
nomenon called Renaissance 1 is conceived as 

1 In his book Heloise et Abelard (Paris 1938), the French 
philosopher Etienne Gilson speaks of a “professors’ 



an immediate continuation of the Greek period. 
In this chronological vault Arab-Islamic cul- 
ture remains at best in the role of a transmitter 
through preservation and translation of certain 
Greek texts. 

While the battle against the reception and 
assimilation of Arab-Islamic science, which 
had already begun in the r3th century, contin- 
ued for a long time with full vigour, Arabist 
research emerged in some European countries 
in the 18th century directed towards under- 
standing Islam together with its related cultur- 
al and intellectual wealth through the study of 
the sources. This discipline known as Arabic 
studies which, by nature, does not always dis- 
play ideal traits and [2] lacks, not infrequently, 
objectivity in the interpretation and appraisal 

Renaissance” (English translation, 1951, p. 128) and states: 
“The interpretation of the Renaissance and of the Middle 
Ages, which we now happen to be reading is not at all, as 
we would like to think, an historical hypothesis warran- 
red by the facts. It is one of those fundamental positions 
which G. Seailles might have willingly gathered into his 
Affirmations de la conscience contemporaine. There is no 
discussing such an affirmation. It is not dictated by facts. 
It proceeds from the conscience; and it is the conscience 
that dictates the facts.” 

“... A real fact, once eliminated, gives place to a feig- 
ned fact, created. Then one comments upon it, takes his 
stand upon it in order to eliminate from history all facts 
to which this phantom cannot be accomodated.” (ibid, p. 
132). Cf. H. Schipperges, Ideologic und Historiographie 
des Arabismus, in: Sudhoff’s Archiv, Beihefte, Heft 1, 
Wiesbaden 1961, p. 14. 
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of the subject of its study, has, nevertheless, 
achieved much in the course of its two centu- 
ries of history through numerous studies, edi- 
tions and translations of sources, through the 
preparation of reference books as well as the 
collection and cataloguing of Arabic, Persian 
and Turkish manuscripts in European librar- 
ies. Although it was not able until now to chal- 
lenge the prevailing depiction of the so-called 
“Renaissance” in history books, certain traces 
of revision are, however, visible thanks to the 
efforts of scholars like Jean-Jaques Sedillot 
(1777-1832) and his son Louis-Amelie (1808- 
1875), Joseph-Toussaint Reinaud (1795-1867), 
Franz Woepcke (1826-1864) or Eilhard Wie- 
demann (1852-1928). To date George Sarton 
(1884-1956) has been the only historian of sci- 
ence who has made the effort to fully utilize 
the results of Arabist research. This he did in 
a masterly way in his Introduction to the His- 
tory of Science . 2 Unfortunately the conclusions 
he drew seem to have received too little atten- 
tion in the historiographic works written sub- 
sequently on individual branches of the natural 
sciences. It is also regrettable that school books 
do not display any revision worth mentioning 
in the attitude inherited from the prevailing his- 
toriography of science. My generation grew up 
in a period when this attitude could assert itself 
with unshakable fir m ness in school books. A 
true revision can only be expected from future 
research conducted on a broad basis. Howev- 
er, the decisive factor in this process will be 
that the results of research become accessi- 
ble to a wider circle of interested persons. An 
effective means of communication would be to 
make known the tools and instruments which 
were used, developed or invented within the 
framework of Arab-Islamic science and tech- 
nology, and to reconstruct them if they are no 
longer available. Such communication is the 
goal of the present Catalogue and of the Muse- 
um the exhibits of which are described here. 

2 Published in 5 volumes, Baltimore 1927-1948. 



After these introductory remarks, I move on 
to present an overview of the position of Arab- 
Islamic science in the context of the universal 
history of science. 

The 1st/7th Century 

As early as in the third decade after the 
advent of Islam, the state that was brought into 
existence by it extended its borders through 
conquests; in the north up to Asia Minor and 
western Persia and in the south-west down to 
Egypt. Through the capture of Damascus in the 
year 15/636, ofEmessa(now Hims) and Aleppo 
in the year 16/637, °f Antioch (now Antakya) 
in the year 17/638 and of Alexandria in the year 
21/642, the Muslims came into lasting contact 
with the inhabitants of these cities who had 
belonged to what was formerly the Roman and 
later the Byzantine empire. It is well known 
that the conquerors treated the inhabitants of 
these traditional centres of learning well and 
knew how to profit from their knowledge and 
technical skills. Without such a policy it would 
be inconceivable that the Muslims [3] could 
have been able to seize the island of Cyprus 
as early as in the year 28/649 with an armada, 
pillaged on the coastline of Sicily in the year 
31/652 and seized Rhodes shortly thereafter. 3 

Indeed, especially favourable circumstances 
existed for a gradual transition from conquer- 
ors to appropriators of the cultural wealth of 
their converted and non-converted fellow cit- 
izens, in particular, from the commencement 
of the Umayyad rule in 41/661. A surviving 
Arabic manuscript on alchemy claims to be a 
translation of a work by the Greek alchemist 
Zosimos (350-420) supposedly made as early 
as in 3 8/65 8. 4 If we give credence to this state- 
ment, it would mean that the interest in trans- 
lating Greek texts was already awakened in the 



3 v. F. Sezgin, Geschichte des arabischen Schrifttums, 
vol. 11, p. 6. 

4 ibid, vol. 4, p. 75. 
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governorship of Mu‘awiya I, who subsequently 
became the first Umayyad Caliph. 

In the context of the history of mathematics, 
Julius Ruska explained in 1 9 1 7 quite rightly the 
early willingness and the ability of the Arabs to 
absorb foreign cultural wealth: “It cannot be 
reiterated often and emphatically enough that 
the Arabs who flooded the Persian and Roman 
provinces brought with them neither ready- 
made jurisprudence nor state administration 
but were obliged to take over the administra- 
tive methods and legal procedures of the con- 
quered regions without any basic change. That 
they succeeded, with amazing speed, in adapt- 
ing themselves to the circumstances at large 
and in incorporating not only the state appara- 
tus but also other fruits of an ancient, mature 
civilization is well known. This would indeed 
have been impossible had the intellectual dis- 
tance between the conquering people and the 
contemporary Persians, Greeks and Egyptians 
been as great as it has been generally assumed 
until recent times. In particular, we should not 
treat the city-dwelling Arabs, who were the 
bearers of the intellectual and political move- 
ments, as semi-savages who had been, before 
Muhammad’s appearance, unreceptive to any 
cultural influences from the neighbouring peo- 
ples or that they were hardly literate in the very 
period in which they gained importance in the 
history of mathematics.” 5 

The inhabitants of the ancient cultural cen- 
tres appear to have suffered no great difficul- 
ties in the course of their integration into the 
new society. Christian physicians, for exam- 
ple, were employed at the courts of the early 
Umayyad rulers. It is reported that one of them, 
Ibn Atal by name served under Mu'awiya I (r. 
41/661-60/680). Another Christian physician, 
Abu 1 -Hakam, was also in Mu'awiya’s service. 
He was entrusted by the ruler with the task of 

5 J. Ruska, Zur altesten arabischen Algebra und 

Rechenkunst, Heidelberg 1917, pp. 36-37; F. Sezgin, op. 

cit., vol. 5, p. 8. 



preparing medicines. 6 In many areas of state 
administration, the Umayyads had to rely on 
the services and the support of the inhabitants 
of the conquered regions. Such collaboration 
seems to have functioned well. For a while 
local languages were still used in taxation and 
administrative practice; they were the Coptic 
language in Egypt, Greek in Syria, and Persian 
in Iraq and Persia. The use of the Arabic lan- 
guage for official records was introduced only 
later. In Syria, this happened at the instance of 
the ruler ‘Abdalmalik b. Marwan in 81/700, in 
Iraq on the orders of the governor al-Haggag 
b. Yusuf in 78/697, in Egypt at the time of the 
governor ‘Abdalmalik b. Marwan in 87/705 
and in north-eastern Persia (Hurasan) under 
Caliph Hisam b. ‘Abdalmalik in 124/742. 7 

[4] In the spirit of the already existing inter- 
est in the integration of the knowledge available 
in the cultural centres of the conquered regions, 
the first medical book was translated into Ara- 
bic under the Umayyad Marwan I (r. 64/683- 
65/685). It was the manual ( Kunnas ), written 
in Greek by the Alexandrian presbyter Ahron 
(flourished probably in the 6th cent. CE), which 
was first translated into Syriac by one Gosios 
and then from this version rendered into Arabic 
by the Jewish physician Masargawaih of Basra, 
who expanded it with two chapters of his own. 
This translation is said to have been kept in 
the library of Caliph ‘Umar b. ‘AbdaTazIz (r. 
99/717-101/720), who made it accessible to the 
general public. 8 

From the first century of Islam and from 
the turn to the second, the titles of some trans- 
lations into Arabic have come down to us. 
Several of these, including alchemical and 
astrological works, have been translated, as 
indicated in the manuscripts, upon commission 
by the Umayyad prince Halid b. Yazid (d. ca. 

6 v. F. Sezgin, op. cit., vol. 3, p. 5. 

7 v. Ibn an-Nadlm, Fihrist, p. 242; F. Sezgin, op. cit., 

vol. 3, p. 21. 

8 

v. F. Sezgin, op. cit., vol. 3, pp. 5-6, 166-168, 206. 
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102/720). 9 This prince, with a series of extant 
tracts and as evidenced by frequent statements 
in literature, appears to be the first Arab in the 
history of science who occupied himself with 
alchemy and wrote on it. Of course, one should 
not expect from this exercise anything more 
than a mere adaptation or imitation of texts 
that became available to him through transla- 
tions which he himself had commissioned, or 
through direct contact with his teachers who 
were the representatives of the cultures of the 
conquered regions. In this context, Damascus 
and Alexandria are mentioned as centres of 
activity. Among the translations of astrologi- 
cal works sponsored by Halid b. Yazid there 
was the “Book of the Fruit” (xapjtog; Kitab at- 
Tamara ) by Pseudo-Ptolemy; this translation 
was still available to al-Blrunl in the first half 
of the 5th/nth century. 10 Apparently Halid b. 
Yazid occupied himself with astrology as well. 
The famous astrologer Abu Ma c sar n (171/787- 
272/886) counts a book by Halid among the 
well-known astrological works. 12 Based on the 
translation of the medical manual by Ahron 
and the translations commissioned by Halid b. 
Yazid as well as his own activity as an author, 
we may assign, cum grano salis, the com- 
mencement of the period of reception of for- 
eign scientific traditions in the Arab-Islamic 
culture area to the last third of the first cen- 
tury of Islam. Naturally, the wealth of foreign 
knowledge appropriated by the Arabs at that 
time was not only of Greek origin. We learn, 
for example, that a geographical work in Per- 
sian which had been in the possession of the 
Sassanid princess Sahafirid fell into the hands 
of the conquerors after her capture during the 
conquest of Hurasan by Qutaiba b. Muslim (d. 
96/ 7 1 5). 13 

9 v. F. Sezgin, op. cit., vol. 4, pp. 56, 82-83, 89; vol. 7, 
P- ?o 

v. ibid, vol. 7, p. 42. 

11 v. ibid, vol. 7, pp. 139-151. 

12 v. ibid, vol. 7, p. 15. 

13 v. ibid, vol. 10, p. 64. 



Similar occurrences are reported by the great 
Islamic thinker al-Blrunl (d. 440/1048). In his 
fundamental work on mathematical geography, 
Tahdid nihayat al-amakin , 14 he mentions the 
fact that he saw in Gazna, in modem Afghani- 
stan, a book of astronomical tables ( Zlg ) written 
on old parchment with dates according to the 
Diocletian Era, and that in an appendix there 
were additions by a scholar with records and 
dates of solar eclipses that had been observed 
between 90 and 100 Higra. He found in it, 
adds al-Blrunl, also references to the latitude 
of the city of Bust and to the obliquity of the 
ecliptic. 15 

[5] Of great importance for the early period 
of the reception was certainly the translation 
of the alleged epistles of Aristotle to Alexan- 
der the Great, including the book JteQi xoopou 
under the Umayyad Hisam b. 'Abdalmalik (r. 
105/724-1 25/743). With the translation of this 
pseudo-text, which dates presumably from the 
second half of the 2nd century CE, the Arab- 
Islamic culture area received a limited knowl- 
edge of geography which however went beyond 
the borders of the Islamic territory, of meteor- 
ology differing from the native conception of 
atmospheric phenomena as well as the funda- 
mental Greek conception of the Earth: the Earth 
is situated at the centre of the universe. The lat- 
ter moves unceasingly, together with the entire 
heavens. The fixed stars revolve together with 
the heavens. The number of stars is unfathoma- 
ble for human beings. The planets are seven in 
number. They differ from one another in their 
nature and speed as also in their distance from 
the Earth, and move on their own individual 
orbits which lie one inside the other and are 
enclosed by the sphere of the fixed stars. 16 

14 Ed. Cairo 1963, p. 268. 

15 v. F. Sezgin, op. cit., vol. 6, p. 122. 

v. F. Sezgin, op. cit., vol. 6, p. 72; Risalat Aristatalis 
ila l-Iskandar fi l- c alam, MS Tehran, Danisgah 5469 (fol. 
36b-4ib); H. Strohm, Aristoteles. Meteorologie. Uber die 
Welt, Berlin 1970, pp. 240-241. 
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Without wishing to amass further examples 
which, in any case, survive only in fragments 
and rather sparsely, we may draw attention here 
to an important feature of this early phase of 
reception which is characteristic of the entire 
period of reception and the assimilation of sci- 
ences in the Arab-Islamic culture area. The 
process of integrating foreign knowledge took 
place quite openly from the beginning, with- 
out any reservations and without any hidden 
motive which, as we shall see, was regretta- 
bly not the case with regard to the subsequent 
reception and assimilation of the Arab-Islamic 
sciences in Europe. 

In 1965 Franz Rosenthal explained the 
motivation for the urge to acquire foreign 
knowledge in the following words:' 7 “Neither 
practical utilitarianism, however, which made 
an acquaintance with medicine, alchemy and 
the exact sciences appear desirable to Muslims, 
nor theoretical utilitarianism which prompted 
them to occupy themselves with philosophical- 
theological problems, might have sufficed to 
support an extensive translation activity, had 
not the religion of Muhammad stressed from 
the very beginning the role of knowledge ( 7 Im) 
as the driving force in religion and, thereby, in 
all human life . . . Without this central position 
of 'knowledge' in Islam and the almost religious 
veneration extended to it, the translation activ- 
ity would presumably have been less scientif- 
ic, less scholarly and less extensive. It would 
probably have been confined to the absolute- 
ly essential and immediately useful to a much 
greater degree.” 

The progress in the field of science achieved 
quite early in the young Islamic society of the 
first century with regard to the wealth of knowl- 
edge of foreign provenance, took not only place 
through the translation of books, of course. 
The circumstances arising out of the new reli- 

17 v. F. Rosenthal, The Classical Heritage in Islam , 
London 1975 (translated from the German: Das Fortleben 
des Antike im Islam, Zurich 1965), p. 5. 



gion, which were certainly not so primitive as 
is often assumed, quickly induced the Arabs to 
engage themselves with new intellectual chal- 
lenges; in particular, there arose an astounding 
urge towards the art of writing. Going through 
the relevant sources, one is given the impres- 
sion that towards the end of the 1 st/ 7th century 
the level of literacy of the people in the Islam- 
ic territory reached a degree that had no com- 
parison in the contemporary Middle Ages. The 
variants found in [6] the copies of the Quran 
circulating immediately after the Prophet’s 
death urged the Muslims to prepare a univer- 
sally acceptable version of the Quran. That was 
a philological task. The interpretation of many 
uncommon words in the Quran led not only to 
the emergence of the first commentaries on the 
Quran but also awakened the interest in lexi- 
cography. Likewise, quite early on, a signifi- 
cant philological tool was established in the 
use of poetic material as linguistic evidence. 
This recognition resulted in an appropriate 
appreciation of the poems of the pre-Islamic 
period and of the period of transition to Islam, 
and led to the activity of collecting and pre- 
serving the poetic material available in book 
form or in fragments. Over the course of centu- 
ries, the philological achievements which com- 
menced with the simple interpretation of the 
Quranic vocabulary developed to such a height 
that-with regard to the inner principles as also 
to the outer extent-they “could be compared 

l8 

only with those of the Chinese.” 

The Arabic sources assign the beginnings 
of Arabic grammar also to the ist/yth centu- 
ry. Only with such an early start can the enor- 
mous development of the 2nd/8th century be 
understood. 

The intense activity of collection and preser- 
vation in writing of the sayings of the Prophet 
( hadlt ) led to a special manner of transmission, 
the principles and rules of which have often 
been misunderstood by modem scholars. 

18 

v. F. Sezgin, op. cit., vol. 8, p. 15. 
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The quest of recording in writing the Proph- 
et’s biography and his conquering expeditions 
as well as the biographies of his successors 
paved the way to the development of a varie- 
gated historiography of enormous proportions, 
including the separate treatment of the history 
of science that emerged quite early on as well. 
To my knowledge the issue of the significance 
of this historiography, which arose in a pure- 
ly Islamic intellectual milieu, and of the meth- 
odology developed within it has not at all or 
at least not adequately been treated as yet in 
the context of the universal history of the sub- 
ject. Even Arabists underestimate the historical 
content of the majority of the historical writ- 
ings that arose primarily in the first three centu- 
ries of Islam (7th-9th cent. CE) because of the 
peculiar method of quoting their sources. The 
individual historical reports ( habar , pi. ahbar ) 
in those works which are, in most cases, pre- 
ceded by a chain of transmitters as evidence of 
their authenticity, and which can, in some cas- 
es, be accompanied by the respective authors’ 
own remarks or comments, are unfortunately 
considered, either as reports that were hand- 
ed down orally for centuries, or as personal 
views of a particular transmitter written down 
according to certain tendencies one or two gen- 
erations before the book in question was com- 
posed. Without going into further details in this 
introduction, it may be stated that those chains 
of transmitters contain the names of the authors 
of written sources as well as their transmitters, 
who were authorized, according to strict rules, 
to hand down certain named sources. 19 In mod- 
em terms, the chains of transmitters appearing 
in Arabic works on history can be considered 
as references to the sources, somewhat like 
those given in the footnotes of our books. 

The earliest written sources of juridical 
themes are likewise to be sought in the ist/yth 
century and as early as in the first half. Natural- 
ly in these early records of modest extent only 

19 v. F. Sezgin, op. cit., vol. 1, pp. 236-256. 



individual themes are treated. More extensive 
compendia of Islamic law, with a systematic 
approach to the matter, [7] began to appear in 
the first half of the 2nd/8th century. 20 

The process of reception of foreign knowl- 
edge and culture developed rapidly in the first 
half of the 2nd/8th century qualitatively as well 
as quantitatively and extended to almost all 
areas of knowledge of that time. The sources 
used comprised not only Greek works in direct 
translation or mediated by a Syriac translation, 
but also Middle Persian texts. 

An important feature of the early transla- 
tions from the Greek consisted in the fact that 
they were pseudo-epigraphs; thus they bore the 
names of well known authorities from Antiqui- 
ty like Aristotle, Socrates or Ptolemy as osten- 
sible authors. These arose in the tradition of 
the pseudo-epigraphic Greek literature which 
can be traced back at least to the 2nd century 
BCE. The content of the pseudo-epigraphs pre- 
served in Arabic translation creates the impres- 
sion that most of them were produced in late 
antiquity, shortly before the rise of Islam. They 
show the state of experience and the develop- 
ments of the period of their origin and appear 
to emanate mainly from the eastern regions 
adjoining the Mediterranean Sea. The reason 
why very few of these pseudo-epigraphs trans- 
lated into Arabic are extant in the Greek origi- 
nal in full or in part lies, in my view, in the 
fact that the majority of them were produced 
just before the advent of Islam in such cultural 
centres that were to become part of the Islam- 
ic territory as early as in the first half of the 
ist/yth century. Once they were translated, fur- 
ther preservation of the Greek originals was 
left to chance. Naturally neither the translators 
nor the readers knew or were in a position to 
know that the writings bear the names of fic- 
titious authors. Arab-Islamic scholars quot- 
ed these titles as true writings of their alleged 
authors, even after the original writings of those 

20 



ibid, vol. 1, pp. 393 ff.. 
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authors became available in Greek and in Ara- 
bic translation. They became acquainted with, 
for example, the pseudo-writings of Aristotle, 
Plato or Ptolemy, before they knew their real 
works, and used one or the other side by side 
as of equal merit. Many of these books were 
translated subsequently as the work of their 
pseudo-authors, from the Arabic into Hebrew 
and Latin and were then regarded as authentic 
for centuries in the Occident as well. 

In my Geschichte des arabischen Schrift- 
tums, I have discussed on several occasions 
the question of the period of origin and the 
significance of these pseudographs attributed 
to Greek, Babylonian, Persian or other authors 
and preserved in Arabic writings in part or in 
full. While referring to my discussion therein, 21 
I limit myself here to the remark that most Ara- 
bists consider these not as translations but as 
forgeries by Arab-Islamic scholars. This would 
mean that these scholars first composed the 
pseudo-writings themselves in order to cite 
them subsequently as real, as is the case par- 
ticularly in the earliest Arabic texts. In this 
scenario the question remains open whether 
the Arabs and early Muslims, given their geo- 
graphical and cultural-historical circumstanc- 
es, were in the position at all of inventing the 
contents of those writings which were, in part, 
very extensive. Through the late dating and 
the devaluation of these pre-Islamic pseudog- 
raphs preserved in the body of Arabic literature, 
important material for the history of science of 
late antiquity is, unfortunately, lost. 

[8 ] The 2 nd/ 8 th Century 

The range of reception from the adjacent 
civilizations was substantially increased in 
the second half of 2nd/8th century. Receptiv- 
ity also developed steadily and quickly thanks 
to many favourable circumstances. As regards 
the process of reception, one should not, of 
course, think merely of books and their influ- 

21 v. F. Sezgin, op. cit., vol. 4, p.15 ff., 31 ff. 



ence. In the role played for some time by the 
representatives of the cultural centres of the 
conquered lands of the Eastern Mediterranean 
area as teachers of the Muslims, the position of 
the conveyors of knowledge and culture of the 
vanquished Persian-speaking area is particular- 
ly remarkable. 

We are quite well informed about the recep- 
tion of foreign knowledge under the Sassanids, 
particularly under Sapur I (r. 242-272). 22 The 
scientific knowledge borrowed mainly from the 
Greeks and Indians, and probably also indirect- 
ly from the later Babylonians, received some 
impetus here. In connection with the area of 
knowledge cultivated in the Sassanid Empire 
in a rather syncretistic manner, we can notice 
an accelerated process of reception on the part 
of the Arabs in the fields of astronomy, astrol- 
ogy, mathematics, geography, philosophy and 
medicine. 23 We may cite here three events from 
astronomy, philosophy and medicine illustrat- 
ing this development. 

The revision of the astronomical tables in 
the Canon of Ptolemy with the help of Indi- 
an tables resulted in certain corrections. The 
youngest redaction of this revision, commis- 
sioned by Yazdagird III (r. 632-651), was trans- 
lated into Arabic under the title Zlg as-sahriyar 
probably in the first half of the 2nd/8th century. 
It seems to have had quite a stimulating effect 
on Arab-Islamic scholars so that they occupied 
themselves with scientific astronomy at an ear- 
ly stage. 24 

In the field of philosophy, some parts of the 
Aristotelean Organon in Middle Persian trans- 
lations were rendered into Arabic by ‘Abdallah 
Ibn al-Muqaffa‘ 25 (d. 139/756). Ibn al-Muqaffa‘ 

22 v. ibid, vol. 6, p. 106 ff. 

23 v. ibid, vol. 3, pp. 182-186; vol. 4, pp. 59-60; vol. 5, p. 
205 ff.; vol. 6, pp. 106-111; vol. 7, pp. 69-71, 80-88. 

24 v. ibid, vol. 5, pp. 203-204; vol. 6, pp. 107-110, 115. 

2C 

v. ibid, vol. 7, p. 322; in greater detail in the manu- 
script of the chapter on light and popular literature, of the 
Geschichte des arabischen Schrifttums, which was prepa- 
red some 20 years ago. 
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was of Persian descent and one of the most 
eminent writers of his time. He influenced the 
course of the reception through translations of 
Persian books from various branches of knowl- 
edge, besides through his own works. Among 
others, there was his translation of the Kallla 
wa-Dimna, a mirror of princes in the form of 
animal fables which is said to have been trans- 
lated previously from Sanskrit by the Persian 
Burzoe under Husrau I Anusirwan (r. 531-579). 
The introduction added by Burzoe contains 
one of the oldest extant discourses concern- 
ing medical ethics and is, at the same time, the 
autobiography of a physician. 26 

As to the reception of medicine in a narrow- 
er sense in the first half of the 2nd/8th centu- 
ry, we may mention that the famous Sassanid 
centre of knowledge, Gundisapur, was intact 
at least until the time of Caliph al-Ma’mun (r. 
198/813-218/833) and that the physicians from 
this place were also in touch with Baghdad. It 
is reported that Gurgis b. Gibril b. Buhtisu', a 
chief physician in the hospital of Gundisapur 
and author of medical works, was called at an 
advanced age, in the year 148/765, to Baghdad 
by Caliph al-Mansur to cure his stomach ail- 
ment. Moreover, he is said to have [9] translat- 
ed several medical books from the Greek into 
Arabic. For his own works he used the Syriac 
language. 27 

The progress that can be seen in the humani- 
ties of the Arab-Islamic culture area in the first 
half of the 2nd/8th century was immense. Writ- 
ings on the sciences of tradition ( hadlt ) and 
jurisprudence, which hitherto had been limit- 
ed to single topics, developed into voluminous 
manuals, divided into subjects. Moreover, the 
methodology of the science of tradition became 
more refined. Historiography also gained in 
breadth and content. In books on the history 
of conquests, the geographical descriptions of 

26 

v. ibid, vol. 3, pp. 182-183. 

27 v. Ibn Abi Usaibi'a, ‘Uyun al-anba \ vol. 1, pp. 123- 
125; F. Sezgin, op. cit., vol. 3, p. 209. 



the countries concerned were given adequate 
space. 

The development of the above-mentioned 
branches of philology was remarkably lively in 
the first half of the 2nd/8th century. This is true 
of the collection and codification of Old Arabic 
poetry and also of the extension of the scope of 
the material discussed in the fields of grammar 
and of the development of lexicography. If we 
take, for instance, the achievements of a man 
like al-Halil b. Ahmad, his important role in 
the development of lexicography and grammar 
and in the formation of theory on poetic metres 
and music is stressed. He was possibly the first 
to write a comprehensive work on the basis 
of numerous monographs by his predecessors. 
Certainly, his Kitab al- c Ain was assigned the 
importance of a canonical work of lexicogra- 
phy quite early on. 28 

While the process of reception continued in 
all intensity in the second half of the 2nd/8th 
century and also still in the following century, 
the period of assimilation began at the same 
time. Important in this connection is the fact 
that Caliph al-Mansur (r. 136/754-158/775) 
commissioned the translation of the volumi- 
nous astronomical Siddhanta from Sanskrit 
into Arabic. The commission was executed by 
one of the youngest representatives of Sassa- 
nid astronomy in Islam, al-Fazarl, in the year 
1 5 4/770. 29 It is remarkable for those times that 
there existed not only adequate pre-requisites- 
including the necessary Arabic terminology 
for translating the astronomical-mathematical 
topics-but also the fact that al-Fazari and his 
contemporary Ya'qub b. Tariq were already 
capable of discussing, in several treatises of 
their own, topics of both theoretical and also 
applied astronomy. They wrote, inter alia, 
about the use of the planispheric astrolabe and 
the armillary sphere.’ 0 I consider this to be the 

28 

v. F. Sezgin, op. cit., vol. 8, pp. 51-56 

29 v. ibid, vol. 6, p. 122. 

30 v. F. Sezgin, op. cit., vol. 6, pp. 122-127. 
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beginning of the phase of assimilation in the 
field of astronomy. 

The desire of the statesman and scien- 
tist Yahya b. Halid al-Barmakl (b. 120/738; 
d. 190/805) to have Ptolemy’s Almagest trans- 
lated into Arabic should also be understood in 
that sense. His desire was fulfilled apparently 
twenty-five years after the translation of the 
Indian Siddhanta. To judge how high a stand- 
ard of astronomical learning and science in 
general had been achieved in the Arab-Islamic 
culture area by this time, it is revealing to note 
that the patron was not satisfied with this first 
translation and commissioned a fresh transla- 
tion from other scholars. 3 ' 

An even more distinct sign for the beginning 
of the period of assimilation can be observed in 
the field of chemistry-alchemy. Several schol- 
ars writing in Arabic composed books in [10] 
this field during the second half of the 2nd/8th 
century, mostly by following in the wake of the 
authors of books already translated. One can, 
of course, consider this to be an assimilation of 
a modest scale. However, this is not what we 
have in mind here, but rather the phenomenal 
appearance of a scholar by the name of Gabir 
b. Haiyan, who in the same period developed 
from chemist and alchemist to natural philoso- 
pher and occupied himself with almost all the 
areas of knowledge of his time. As we shall 
show in greater detail in the relevant chapter, 
his extant treatises numbering several hun- 
dred demonstrate that he built primarily upon 
the knowledge that became accessible in the 
pseudographs. His writings, the chronological 
sequence of which can be established with the 
help of the numerous cross-references in his 
own works, reveal an extraordinary scientific 
career. In the field of chemistry-alchemy he 
appears as a scientist intent on establishing a 
discipline dedicated to the qualitative analysis 
of substances found in nature by determining 
their quantitative proportions. According to 

31 v. F. Sezgin, op. cit., vol. 6, p. 85. 



him, all elements of human knowledge can be 
traced back to a system of quantity and meas- 
urement that leads to a principle of equilibrium 
which he calls the “law of measurements” ( dim 
al-mlzan). At the beginning of his career, Gabir 
appeared as one of the protagonists in the proc- 
ess of assimilation but soon developed into a 
bold and highly creative natural philosopher 
(infra vol. IV, 99ff.). 

The simultaneous progress in the field of the 
humanities also proceeded at an amazing pace. 
Each scholar built upon the works of his pred- 
ecessors, extended them as well as he could 
and thus rendered those works, to some extent, 
dispensable. An example of this is the book of 
grammar, “The Book” ( al-Kitab ) by c Amr b. 
‘Utman Slbawaih 32 (d. probably 180/796). This 
monumental work, considered by later genera- 
tions as the canon of grammar, through its size 
and systematic structure bears evidence of the 
fast and substantial development of the scienc- 
es in Arab-Islamic culture within a short span 
of time. 

The 3 rd/ 9 th Century 

In the first two decades of the 3rd/9th centu- 
ry, the process of development of the sciences 
assumes a completely new character which can 
be considered the beginning of the period of 
creativity. While the sciences cultivated in the 
Islamic world were still able to profit in their 
constant qualitative and quantitative develop- 
ment from the favourable conditions of the pre- 
ceding century so that they could continue their 
way into the 3rd/9th century at an undisturbed 
pace, they received in its first decades addi- 
tional, entirely new impulses through Caliph 
al-Ma’mun (r. 198/813-218/833). As an admir- 
er of Greek science, this ruler had Greek books 
from Byzantium and from the conquered cul- 
tural centres brought to Baghdad and com- 
missioned translations into Arabic not only of 
works that had not previously been translated, 

32 v. ibid, vol. 9, pp. 51-63. 
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but saw to it that many of the older translations 
were revised. 

According to our not yet very detailed 
knowledge, al-Ma’mun seems to have facili- 
tated and organized the work of his scholars 
through an institution named “House of Wis- 
dom” {Bait al-hikma). The Caliph himself was 
knowledgeable in various branches of science. 
Several important works were produced upon 
his incentive and oftentimes he was personally 
involved in the projects. Some of his achieve- 
ments may be mentioned here, in so far as they 
show a creative character in the sense that he 
was not content with a result but wanted to go 
beyond it. 

Thus he had the astronomical data in the 
jTQoyeipoi xavoveg by Ptolemy (which had been 
[n] introduced at the time of the first transla- 
tion of the Almagest into Arabic) verified and 
corrected by his astronomers. The results of 
this enterprise were published under the title 
az-Zig al-mumtahan , 33 

One of the tasks that the Caliph performed 
together with his astronomers was the calcu- 
lation of the longitudinal difference between 
Baghdad and Mecca in order to determine the 
direction of prayer (« qibla ) as precisely as pos- 
sible. Here it must be noted that the Caliph did 
not want to rely on the coordinates of the two 
cities already known from various tables, but 
attempted to determine the longitudinal differ- 
ence from his own observations at the time of 
a lunar eclipse. The longitudinal difference of 
3° thus calculated (actually 4°37') was reason- 
ably accurate. 34 

For the future attempts to determine the sur- 
face area of the Earth mathematically, it was of 
fundamental importance that on al-Ma’mun’s 
order the task of an accurate measurement of 
the length of one degree of the meridian was 
accomplished. A group of his astronomers, 
using instruments for determining the posi- 

33 v. F. Sezgin, op. cit., vol. 6, pp. 136-137. 

34 v. ibid, vol. 10, p. 94. 



tion of the sun as well as for the precise direc- 
tion of the meridian and with the help of ropes 
and sticks, took repeated measurements in the 
plains of Syria and Iraq and arrived at a value 
for the length of one degree on the meridian of 
between 56 1/3 and 57 Arabic miles, establish- 
ing 56 2/3 as a mean. This result differs only 
slightly from the modern value. In Carlo A. Nal- 
lino’s view, this was-compared with the deter- 
mination by Eratosthenes which was based on 
several uncertain assumptions-the first strictly 
scientific measurement of the Earth, being the 
result of a time-consuming, strenuous task. 35 
Furthermore, the Caliph used the opportunity 
of his expedition against Byzantium to have the 
length of a degree of the meridian once more 
determined by trigonometric means. From a 
point on the sea shore which was high above 
sea level, he let the astronomer Sind b. C A 1 I, 
who accompanied him, measure the depression 
of the sun at sunset in order to calculate trig- 
onometrically the length of the Earth’s radius. 
This is the very procedure that was later asso- 
ciated with the names of Francesco Mauroli- 
co (1558), Sylvius Belli (1565) and Francesco 
Giuntini (d. 15 80). 36 

Caliph al-Ma’mun’s strong interest in 
astronomy and its development led him to 
build an astronomical observatory first in the 
Sammaslya quarter in Baghdad and thereafter 
another one on the Qasiyun, the local mountain 
of Damascus. By the use of large instruments 
and continuous observations he endeavoured 
to obtain measurements more precise than 
those of his predecessors. Apparently he was 
the first in the history of astronomy to establish 
astronomical observatories in the strict sense 
of the word. 

Finally, we shall mention that project ini- 
tiated by al-Ma’mun which can be consid- 
ered, without any doubt, the most significant 
and the most consequential for posterity. This 

35 v. ibid, vol. 10, p. 95. 

36 v. ibid, vol. 10, p. 96. 
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project belongs to the fields of geography and 
cartography. 

After attaining not inconsiderable famili- 
arity with longitudes and latitudes, maps and 
the geography of countries, 37 scholars in the 
Arab-Islamic culture area translated Ptolemy’s 
Yecoypacpixri ucpriYrioii; into Arabic. In addition 
to this at the beginning of the 3rd/9th centu- 
ry Arab-Islamic scholars became acquainted 
with the geography and maps of Marinus (ist 
half of the 2nd century CE). 38 In this connec- 
tion, al-Ma’mun decided to commission a geo- 
graphical work with a world map and regional 
maps, and entrusted this task to a group of 
scholars. [12] It goes without saying that the 
latter relied primarily on Ptolemy’s Geography 
which, for its part, was more of a cartography 
manual than a book on geography. It contained 
the coordinates of approximately 8000 locali- 
ties which, with very few exceptions, were not 
data obtained by astronomical measurement. 
The coordinates were gathered mostly from 
the Geography and the maps of Marinus and 
elaborated further. 

The world map discovered about twenty 
years ago and the surviving regional maps of 
al-Ma’mun’s geographers together with con- 
temporary tables of coordinates based on these 
maps open up an entirely new horizon for the 
history of cartography. Required is, however, 
the willingness of historians to approach this 
material without any bias. I have presented 
my own appraisal in the study Mathematische 
Geographie und Kartographie im Islam und 
ihr Fortleben im Abendland (constituting 
volumes 10 and 11 of my Geschichte des ara- 
bischen Schrifttums ) which appeared in 2000, 
and shall present some crucial points there- 
of in the cartographic section of the present 

37 v. F. Sezgin, op. cit., vol. 10, p. 73 ff.. 

38 v. ibid, vol. 10, p. 30-32, 80, 82. 

39 English translation: Mathematical Geography and 
Cartography in Islam and their Continuation in the 
Occident, 2 vols., Frankfurt, Institute for the History of 
Arabic-Islamic Sciences 2005 . 



Catalogue. In this general overview of the 
position of the Arab-Islamic culture in the uni- 
versal history of science, I should like to state, 
instead, the fundamental convictions I have 
reached during the many years of my occupa- 
tion with this topic. As great as the efforts of 
the astronomers and geographers working for 
al-Ma’mun may have been, their achievements 
naturally remained within narrow confines. 
This had been the case with their Greek pred- 
ecessors and it was to be true for their succes- 
sors in the Occident. We must not indulge any 
more in the naive and forced attitudes of the 
history of cartography, such as the notion that 
at the beginning of the 14th century a priest 
like Giovanni Carignano 40 should have been in 
the position to produce at his abode in Genoa, 
just on the basis of enquiries, a world map with 
an almost correct depiction of the Mediterra- 
nean Sea, the Black Sea, the Caspian Sea and 
Anatolia, without knowing or using as models 
the maps made on location by generations of 
people living there. Or the assumption, to give 
another example, that in the year 1724 Guil- 
laume Delisle could have, at his studio in Paris, 
succeeded in drawing the first almost perfect 
map of Persia with Eastern Anatolia and the 
Caucasus with hundreds of localities and their 
coordinates, with the configurations of oceans 
and lakes, with the outlines of countries and 
the courses of rivers, without having translated 
into his mother tongue as a model a native map 
on which generations had worked. 4 ' 

On the basis of this reality and supported by 
historical facts, we see that the Ma’mun geog- 
raphers substantially improved the cartograph- 
ic depictions inherited from their predecessors. 
Their progress can be measured against a world 
map reconstructed according to the data of 
Ptolemaic geography by the Byzantine scholar 
Maximus Planudes around 1300 CE The schol- 
ars working for al-Ma’mun had the advantage 

40 v. ibid, vol. 10, p. 332 ff. 

41 v. ibid, vol. 10, p. 413 ff. 
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of surveying from Baghdad, which was at that 
time quite the centre of the inhabited world, 
South and Central Asia, East and North Africa, 
relying, as far as possible, on their own obser- 
vations and measurements. The Ma’mun map 
is of epochal importance to us for various rea- 
sons. Leaving aside some features of the first 
vulgata which are not traceable any more, the 
Ma’mun map, together with the map recon- 
structed on the basis of its book of coordinates, 
reflects the achievements of humankind in the 
first quarter of the 3rd/9th century regarding 
the cartographic [13] depiction of the Earth’s 
surface. Thus it provides us with a solid base 
for the judgement of the further development 
in which this map itself was of great signifi- 
cance both in the Arab-Islamic culture area as 
well as in the Occident. Besides its quite elabo- 
rate depiction of the Earth’s surface, the car- 
tographic techniques used, such as globular 
projection, cartographic scale and depiction of 
mountains in perspective, help us to establish a 
much earlier date for their introduction. 

Mathematics, which already had made 
substantial progress in the second half of the 
2nd/8th century, particularly after the introduc- 
tion of the notion of “zero” with the transla- 
tion of the Indian Siddhanta into Arabic, was 
enriched in the first two decades of the 3rd/9th 
century by the almost simultaneous appear- 
ance of three works on algebra. Their authors 
were Muhammad b. Musa al-Hwarizml, 42 Sind 
b. C AH 43 and Abdalhamld b. Wasi c Ibn Turk. 44 
The works were called the Kitab al-Gabr wa- 
l-muqabala, which means “reconstruction and 
juxtaposition”. These were the first treatments 
of algebraic linear and quadratic equations, 
independent of arithmetic. Al-Hwarizml states 
that he wrote his book on commission by Caliph 
al-Ma’mun. All three works seem to be based 
on a syncretistic tradition which had evolved 



in the Hellenistic Orient, absorbing Greek, 
Indian and late-Babylonian elements directly 
or indirectly. The algebra of al-Hwarizml and 
his arithmetic have, after their translation into 
Latin, deeply influenced mathematics in the 
Occident since the 1 2th century. 45 

Towards the end of the first half of the 
3rd/9th century, mathematics in Islam seems 
to have reached the threshold of its period of 
creativity. Characteristic evidence of this phe- 
nomenon can be found in the works of the 
Banu Musa (namely, Muhammad, Ahmad and 
al-Hasan, sons of Musa b. Sakir). At the time 
when they were occupied with mathematics, 
the most eminent works in the field, like those 
of Euclid, Archimedes, Apollonius, Menelaus 
and others, were already available. The termi- 
nological difficulties had been solved to a large 
extent. The content of Euclid’s Elements had 
been completely assimilated through commen- 
taries written three quarters of a century earli- 
er. With avid interest, older contemporaries of 
the Banu Musa had devoted monographs to the 
deductive geometry of the Greeks, and through 
their own monographs the three brothers con- 
tinued the task thus begun. The works that have 
come down to us bear witness of their ability 
to deal with the works of their Greek prede- 
cessors in a creative and undaunted manner; 
how much they really accomplished is not cru- 
cial. In their work on geometry they claim to 
have found a new solution for the trisection of 
angles. To that end they used a figure which, in 
a further developed form, became later known 
as “Pascal’s lima9on.” The extent of their own 
accomplishment is less decisive for our judg- 
ment than the attitude. The three brothers also 
undertook mensuration of the circle according 
to the method developed by Archimedes. They 
tried hard “to distance themselves as far as 
possible from their Greek masters by using a 
different method of proof and by choosing oth- 



42 v. F. Sezgin, op. cit., vol. 5, pp. 228-241. 

43 v. ibid, vol. 5, pp. 242-243. 

44 v. ibid, vol. 5, pp. 241-242. 45 v. ibid, vol. 5, p. 28. 
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er letters of the alphabet.” 46 They knew Her- 
on’s theorem [14] for the area of a triangle, yet 
they used another proof, influenced perhaps by 
the geometry of Late Antiquity. Moreover, they 
were also able to extract the cube root of a non- 
cube number quite accurately in sexagesimal 
fractions. 47 

The natural philosopher Ya'qub b. Ishaq al- 
Kindi (d. shortly after 256/870), a contempo- 
rary of the Banu Musa, offers interesting clues 
for the beginning of the period of creativity in 
the field of meteorology. He deals with 48 all the 
topics of Aristotelian meteorology following 
Aristotle and his disciple Theophrastus, but for 
many problems he provides independent and 
original explanations, as for instance, on the 
origin of wind. 49 Being a physicist, he draws on 
the law of extension: The volume of all bodies 
shrinks in proportion to the degree of coldness 
and expands in proportion to the degree of heat. 
Thus he finds the explanation for the appear- 
ance of wind, stating: “Air moves from regions 
in which heat expands [the air] in the direction 
of regions where coldness shrinks [it].” 5 ° At the 
time when the Sun stands above the northern 
hemisphere of the Earth, he goes on to say, the 
air expands because of the heat and streams 
southwards where it contracts because of the 
cold prevailing there. He concludes that was 
why most of the winds in summer blow from 
the north, but in winter the other way round, 
unless changes of directions occur owing to 
topographical conditions and other side effects. 
This explanation of al-Kindl for the origin of 

46 H. Suter, Uber die Geometrie der Sohne des Musa 
ben Schakir, in: Bibliotheca Mathematica (Stockholm) 
3rd series, 3/1902/259-272, esp. p. 272 (reprint in: Islamic 
Mathematics and Astronomy, vol. 76, pp. 137-150, esp. p. 
150); F. Sezgin, op. cit., vol. 5, p. 34, 249. 

' v. Moritz Cantor, Vorlesungen uber Geschichte der 
Mathematik, vol. i, 3rd ed., Leipzig 1907, p. 733; F. Sezgin, 
op. cit., vol. 5, pp. 34-35, 251. 

48 v. F. Sezgin, op. cit., vol. 7, pp. 241-261. 

49 v. ibid, vol. 7, p. 242. 

50 v. ibid, vol. 7, p. 242. 



winds and for their direction is almost identi- 
cal with the modern theory, the precursors of 
which are purportedly George Hadley (1685- 
1744) and Immanuel Kant (i724-i8o4). :>1 

It appears that the beginnings of the modern 
explanation of the causes of ebb tides and flood 
tides are also to be sought in the first part of the 
3rd/9th century. The natural philosopher c Amr 
b. Bahr al-Gahiz (d. 255/888) transmits the 
view that low and high tides correspond to the 
measure of the pull and the push of the moon 
upon water. 52 This view was formulated more 
precisely by one of his successors: “the moon 
behaves towards the sea as the magnet behaves 
towards iron ore, the former pulling the latter 
towards itself, in whichever way it turns.” 53 

The advances in natural sciences, which 
we have outlined above on the basis of a few 
examples, were not inferior to those in the 
humanities. Yet in the historic presentation of 
these fields an unfortunate and counterproduc- 
tive view developed, propounded by a group of 
Arabists who have the tendency to assign only 
to this phase, viz. the first half of the 3rd/9th 
century, the beginning of the codification of 
the literary, poetic, legal, historical, theological 
and philological texts of all earlier generations 
since pre-Islamic times. The exponents of this 
tendency claim to have convinced themselves 
that the authors of the works emerging in this 
period were the first to commit to writing the 
materials that had been handed down orally 
until then. By contrast, it must be held that the 
written products of this period [15] were main- 
ly aimed at expanding and enhancing the sys- 
tematic structure, as well as the selection and 
interpretation; that is to say, they were meant 
to be supplements in the widest sense and, 
though they brought forth new literary genres, 

51 v. K. Schneider-Carius, Wetterkunde, Wetterforschung, 
Munich 1955, pp. 82-87; F- Sezgin, op. cit., vol. 7, pp. 
242-243. 

52 v. ibid, vol. 7, p. 241. 

a3 v. ibid, vol. 7, p- 304. 
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were intended to continue preceding literary 
traditions. Characteristic in this sense were the 
mathematical disputations between the atom- 
ists and their adversaries carried out with all 
virtuosity in theological-dialectical works in 
the second half of the 2nd/8th century and dur- 
ing the following century. 54 

The second half of the 3rd/9th century 
saw an increase in the signs of creative inde- 
pendence. In the field of astronomy signifi- 
cant progress was made in gnomonics and in 
the practical study of construction methods 
for sundials which had started already at the 
beginning of the century. Al-Kindl determined 
the azimuth in a different way to his pred- 
ecessor Ptolemy. His younger contemporary, 
al-Mahanl, who dealt briefly with the same 
problem in the second half of the 3rd/9th cen- 
tury, departed even more than al-Kindl from 
descriptive geometry and used for the most part 
a purely graphic method. The computational 
method for the determination of the azimuth 
and shadow lengths required for the point-by- 
point construction of sundials gained more and 
more importance over the graphic method from 
the last quarter of the 3rd/9th century. Tabit b. 
Qurra and his grandson Ibrahim b. Sinan, pro- 
ponents of this school of a computational solu- 
tion, discovered the curvature of the hour lines, 
drawn point-by-point on horizontal dials. The 
proof devised by Ibrahim is the same as that 
by Christoph Clavius 55 (1537-1612) and Jean- 
Baptist Delambre (1749-1822). 56 

Tabit b. Qurra (d. 288/901) contributed an 
improved value for the precession of the equi- 
noxes. It is i° in 66 years, i.e. 55" in one year, 
as compared to i° in one hundred years or 36" 
in one year for Ptolemy and Hipparch. Subse- 
quent astronomers introduced further improve- 
ments, so that Nasiraddin at-TusI (d. 672/ 1274) 

54 v. F. Sezgin, op. cit., vol. 5, pp. 29-30. 

55 v. Cantor, Vorlesungen tiber Geschichte der 
Mathematik, op. cit., vol. 2, p. 556. 

56 v. F. Sezgin, op. cit., vol. 6, pp. 23-24. 



was able to calculate a value of 1 0 in 70 years 
or 5 1 " per year which comes already very close 
to the value of i° in 72 years held in modern 
times. 57 

In the course of his observations, Tabit b. 
Qurra was the first to notice that the sun’s apo- 
gee moves in the same direction as the signs of 
the zodiac. 58 Aprecise definition of the extremes 
of acceleration and deceleration in this motion 
was arrived at by al-Blruni towards the end of 
the 4th/ioth century. 59 The value for the apo- 
gee’s progression was determined towards the 
end of the 5 th/ 1 ith century by the Andalusian 
astronomer Ibrahim b. Yahya az-Zarqali with 
i° in 279 years, corresponding to 12.09" in one 
year, which is quite close to the modern value 
of 1 1. 46". 60 

Towards the end of the 3rd/9th century, Abu 
l- c Abbas al-Iransahri defended the possibility 
of an annular solar eclipse against Ptolemy and 
expressed the view that a total solar eclipse 
can occur only at a medium distance and not 
at the maximum distance of the Sun from the 
Earth. 61 In the Occident, an annular eclipse was 
observed by Chr. Clavius in the year 15 67. 62 

[16] The geographer Ahmad b. c Umar Ibn 
Rustah, 63 who flourished in the second half of 
the 3rd/9th century, mentions amongst the cos- 
mological and astronomical theories known to 
him, the notion that the Earth was not situated 
in the centre of the universe and that it was not 
the Sun and the spheres which rotate but the 



v. ibid, vol. 6, p. 26. 



al-Mas c udi, at-Tanbih wa-l-isrdf, Leiden 1893, p. 222; 
E. Wiedemannn, Uber Tabit ben Qurra, sein Leben und 
Wirken, in: Sitzungsberichte der Physikahsch-medizini- 
schen Sozietat (Erlangen) 52-53/1920-21/189-219 (reprint in: 
Aufsatze zur arabischen Wissenschafts geschichte, vol. 2, 
pp. 548-578; exp. p. 565); F. Sezgin, op. cit., vol. 6, p. 163. 



59 

60 



62 



v. F. Sezgin, op. cit., vol. 6, p. 263. 
v. ibid, vol. 6, p. 27. 
v. ibid, vol. 6, p. 173. 



v. Matthias Schramm, Ibn al Haythams Weg zur 
Physik, Wiesbaden 1963^. 27. 



63 



Kitab al-A c laq an-nafisa, Leiden 1891, pp. 23-24. 
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Earth. We would very much like to know where 
this vision of a heliocentric system came from. 
He further reports on a theory to the effect that 
the universe is infinite and that the Earth, as 
part thereof, is in an infinite falling motion. 

The invention of the first astronomical 
instruments in the Arab-Islamic culture area 
occurred in the last quarter of the century. One 
of these was the spherical astrolabe, the inven- 
tion of which is attributed to Gabir b. Sinan 
al-Harranl 64 (infra vol. II, 120 f.). His contem- 
porary al-Fadl b. Hatim an-Nairm claims to 
be the first to have invented instruments with 
which the distance between objects situated in 
the atmosphere or projecting from the Earth’s 
surface can be measured. 65 

The mathematician and astronomer 
Muhammad b. Tsa al-Mahani (lived possibly 
up to 275/888) took a crucial step forward in 
the history of mathematics when he reduced a 
problem which could not be solved with a pair 
of dividers and a ruler to an equation of the third 
degree. However, he did not succeed in solv- 
ing the equation. 66 Al-Mahani was also the first 
mathematician to arrive at a method of using 
the law of the spherical cosine for the math- 
ematical determination of the azimuth when 
he calculated one of the angles of a spherical 
triangle from its sides. As Paul Luckey 67 was 
able to demonstrate in 1948, al-Mahani was a 
forerunner of Johannes Regiomontanus (1436- 
1476) in this respect. 

In the second half of the 3rd/9th century 
Tabit b. Qurra achieved outstanding results not 
only in astronomy but in mathematics as well. 
He generalized the theorem of Pythagoras for 
all triangles; in the Occident, however, the rel- 

64 v. F. Sezgin, op. cit., vol. 6, p. 162. 

65 v. ibid., vol. 5, p. 268-269. 
v. ibid., vol. 5, p. 260. 

67 v. his Beitrage zur Erforschung der islamischen 
Mathematik. I. Die altere Gnomonik, in: Orientalia 
(Rome), N.S. 17/1948/490-510, esp. pp. 502-503 (reprint in: 
Islamic Mathematics and Astronomy, vol. 96, pp. 46-66, 
esp. pp. 58-59). 



evant theorem bears the name of John Wal- 
lis (16 1 6- 1 703). 68 Without being aware of the 
results already achieved by Archimedes in this 
area, Tabit made use of infinitesimal calculus in 
his two treatises on the quadrature of the parab- 
ola and on the cubature of the paraboloid. His 
quadrature of the parabola corresponds to the 
calculation of the integral { J a ^px dx. Through a 
brilliant step which he applied there, “the sum- 
mation of integrals that had fallen into oblivion 
was revived; and with its help Ibn Qurra cal- 
culated, indeed for the first time, an integral of 
the power x n , for a fractional exponent, name- 
ly , where he, again for the first time, under- 
took J a x 1/L dx the division of the integration 
interval into unequal units. In the middle of the 
17th century, P. de Fermat undertook the quad- 
rature of the curves y = x m / n for m / n < 1 »through 
a similar procedure, where he divided for the 
abscissas into units forming a geometrical pro- 
gression.” 69 Tabit’s procedure for the calcula- 
tion of the volume of paraboloids also differs 
substantially from that of Archimedes. His cal- 
culation of the volumes of domes with pointed 
or depressed crowns gained [17] by the rota- 
tion of a parabola around a secondary axis is 
also novel, whereas Archimedes merely dealt 
with the rotation of paraboloids with an axis of 
rotation identical to the axis of the parabola. 70 

His contemporary Habas al-Hasib already 
applied a kind of iterative algorithm in the cal- 
culation of the lunar parallax. The equation in 
question resembles the one later introduced by 
Johannes Kepler (1571-1630) in connection 
with his theory of planetary motion. 7 ' Habas 

68 v. A. Sayili, S&bit ibn Kurra ’nm Pitagor teoremi- 
ni tamimi, in: Belleten (Ankara) 22/1958/527-549; idem, 
Thabit ibn Qurra ’s Generalization of the Pythagorean 
Theorem, in: Isis 51/1960/35-37; F. Sezgin, op. cit., vol. 5, 
p. 266. 

69 v. A. R Juschkewitsch, Geschichte der Mathematik 
im Mittelalter, Basel 1964, p. 291; F. Sezgin, op. cit., vol. 5, 
pp. 38, 265-266. 

70 v. F. Sezgin, op. cit., vol. 5, pp. 38, 266. 

71 v. E. S. Kennedy, W. R. Transue, A medieval itera- 
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was perhaps also the first mathematician and 
astronomer to prepare a table of cosecants 
(qutr az-zill), comprising i°-9o°; 72 yet his Ara- 
bic successors did not emulate him as they 
obviously realized that secants and cosecants 
were dispensable for their trigonometric cal- 
culations. In the Occident, Nicolaus Coperni- 
cus (1473-1543) was the first to compile tables 
of secants, yet here too they disappeared from 
trigonometry from the 17th century onwards 
after their dispensability became obvious. 73 

A comparison between the work on algebra 
by Abu Kamil Suga' b. Aslam 74 (written appar- 
ently in the last quarter of the 3rd/9th century) 
and those of his predecessors (which appeared 
in the sixties and seventies) shows that this 
subject must have undergone a rapid develop- 
ment in the regions of Islam during the second 
half of the century. Even though Abu Kamil, 
like his predecessors, does not go beyond line- 
ar and quadratic equations, it becomes obvious 
in his case that he had traversed a long dis- 
tance on the way towards arithmetisation and 
that the theoretical part had grown copiously in 
his work. In the application of the procedure of 
geometrical proof, we find him abandoning the 
demand for faithfulness to dimensions: 75 He 
speaks of proportions but makes no distinction 

tive algorism, in: The American Mathematical Monthly 
(Menasha, Wise.) 63/1956/80-83; E. S. Kennedy, An ear- 
ly method of successive approximation, in: Centaurus 
(Copenhagen) 13/1969/248-250); A. P. Juschkewitsch, op. 
cit., p. 324; F. Sezgin, op. cit., vol. 5, p. 276. 

72 K. Schoy, Uber den Gnomons chatten und die 
Schattentafeln der arabischen Astronomie. Ein Beitrag 
zur arabischen Trigonometric nach unedierten arabi- 
schen Hands chriften, Hanover 1923, pp. 14-15 (reprint in: 
Islamic Mathematics and Astronomy, vol. 25, p. 187 ff., 
esp. pp. 200-201); J. Tropfke, Geschichte der Elementar- 
Mathematik, vol. 5, 2nd ed., p. 29; A. P. Juschkewitsch, op. 
cit., p. 309; F. Sezgin, op. cit., vol. 5, pp. 39, 276. 

75 J. Tropfke, op. cit., vol. 5, pp. 29-30; F. Sezgin, op. 
cit., vol. 5, p. 39. 

74 v. F. Sezgin, op. cit., vol. 5, pp. 277-281. 

nr 

see A. P. Juschkewitsch, op. cit., p. 223; F. Sezgin, op. 
cit., vol. 5, pp. 39, 278-279. 



between commensurable and incommensura- 
ble units. With him the reluctance to tackle the 
irrational, noticeable among the Greeks, disap- 
pears. To the three quantities enumerated by al- 
Hwarizml-numbers, roots and squares-he adds 
the unknowns up to the seventh power. 6 

Together with al-Hwarizml, Abu Kamil 
belongs to those Arab-Islamic scholars who 
brought about a profound effect in the Occi- 
dent through Hebrew and Latin translations 
of their works. “The longest lasting influence 
on subsequent Occidental mathematicians he 
exerted through the mediation of Leonardo 
of Pisa, who made ample use of Abu Kamil’s 
‘algebra’ in his Liber abaci.” Leonardo adopted 
some problems even in the same wording. 77 

Medicine and pharmacy also developed 
remarkably in the second half of the 3rd/9th 
century. Abu Bakr ar-RazI (b. ca. 25 1/ [18] 865; 
d. 313/925) was the most important among the 
numerous physicians of that period. Through 
his extensive Kitab al-Hawi (Latin: Liber con- 
tinens ) and numerous other works, he not only 
influenced the medicine and pharmacy of his 
own cultural area but also became, via trans- 
lations of many of his books into Hebrew and 
Latin, an undisputed authority in Western med- 
icine right up to the 17th century. 78 Moreover, 
after Gabir b. Haiyan, he was the next, as far 
as we know, to have criticized several points of 
Galen’s medicine. His surviving “Doubts” on 
Galen 79 are of great interest for the history of 
medicine. 



76 

v. F. Sezgin, op. cit., vol. 5, p. 40. 

7 Josef Weinberg, Die Algebra des Abu Kamil Soga c ben 
Aslam, Munich 1935, p. 16 (reprint in: Islamic Mathematics 
and Astronomy, vol. 23, p. 107 ff., esp. p. 122); F. Sezgin, 
op. cit., vol. 5, p. 280. 

78 v. F. Sezgin, op. cit., vol. 3, p. 274 ff. 

79 v. ibid, vol. 3, p. 77. 
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Julius Hirschberg, 80 the eminent author- 
ity on Arabic ophthalmology, drew attention 
to the fact that ar-Razi in his Kitab at-Tibb al- 
Mansuri, was the first to speak of the contrac- 
tion of the pupil upon exposure to light. Not 
only from the medical point of view but also 
from the history of optics, it is of epochal sig- 
nificance that ar-Razi in his treatise on optical 
perception and in his critique of Galen refuted 
Euclid’s and Galen’s theory of vision, accord- 
ing to which the process of seeing relies on 
rays emanating from the eye. 81 

In the field of chemistry-alchemy, ar-Razi, 
building upon Gabir’s work, produced a body 
of literature mainly to serve practical require- 
ments with brief descriptions of the substances, 
apparatuses and processes. 

At the same time, i.e., in the second half 
of the 3rd/9th century, in the field of geogra- 
phy, a distinct anthropogeography developed 
from the genre of histories of cities and con- 
quests that had already emerged in the preced- 
ing period. Examples are the Kitab al-Amsar 
wa- c aga } ib al-buldan 1 by the natural philoso- 
pher and polymath ‘Amr b. Bahr al-Gahiz (d. 
255/868), the Kitab al-Masalik wa-l-mamalik Si 
by ‘Ubaidallah b. ‘Abdallah Ibn Hurradadbih 
(d. after 289/902) and the Kitab al-Buldan 4 
by Ahmad b. Ishaq al-Ya‘qubi (d. around 
300/913). 

In the field of physics and technology the 
name of the Andalusian ‘Abbas b. Firnas (d. 
274/887) shall be mentioned. Numerous physi- 

80 Geschichte der Augenheilkunde, vol. 2: Geschichte 
der Augenheilkunde im Mittelalter, Leipzig 1908 (= Graefe- 
Saemisch, Handbuch der gesamten Augenheilkunde, vol. 
13), p. 105; F. Sezgin, op. cit., vol. 3, pp. 18, 277. 
v. F. Sezgin, op. cit., vol. 3, pp. 8, 277. 

1 ‘ A heavily abridged summary of this work entitled 
Kitab al-Autan wa-l-bulddn was edited by Ch. Pellat, 
al-Gahiz ra’id al-gugrafiya al-insaniya, in: al-Ma-riq 
(Beirut) 60/1966/169-205. 

8 ’ Edited and translated into French by M. J. de Goeje, 
Leiden 1889 (reprint: Islamic Geography, vol. 39). 

84 Edited by M. J. de Goeje, Leiden 1892 (reprint: 
Islamic Geography, vol. 40). 



cal and astronomical inventions are attributed 
to this versatile scholar. He gained lasting fame 
by an attempt to fly, which is said to have been 
successful over a certain distance. 85 

The development achieved in the other dis- 
ciplines of science at that time was paralleled 
in historiography by the emergence of exten- 
sive, chronologically arranged histories of the 
world and of single realms. The best known and 
most significant surviving work of this genre is 
doubtless the Kitab Ahbar ar-rusul wa-l-muluk 
by Muhammad b. Garir at-Tabari (224/839- 
310/923). 86 Arabist research has had access to 
this voluminous book since the commendable 
edition by M. J. de Goeje in 15 volumes (1879- 
98). However, the manner in which the sources 
are cited here meets with incomprehension and 
little sympathy among modern readers. The 
chains of transmission that accompany every 
account are not recognised as references to 
[19] written sources or authorized transmitters 
of books from earlier generations, but are con- 
sidered as fictitious names of suppliers of oral 
information which had become accessible in 
whatever way. Thus not only an unjustifiably 
negative attitude towards the contents of these 
reports arises but the universal historiography 
also fails to realise the knowledge of the strict 
methods 87 of citation of sources cultivated in 
the first centuries of Islam. 

The development in the field of lexicogra- 
phy in this period is distinguished by a com- 
prehensive treatment of single topics which 
subsequently contributed to the production 
of extensive alphabetically and thematically 
arranged dictionaries in the 4th/ioth century. I 
would like to mention the book of plants ( Kitab 
an-Nabat ) by Abu Hanifa ad-Dlnawarl 88 (d. ca 

o- 

5 .v. F. Sezgin, op. cit., vol. 2, pp. 674-675; vol. 6, p. 
I58 86 

v. ibid, vol. 1, pp. 323-329; English translation in 
39 volumes, The History of al-Tabari , New York: State 
University 1985-1998 (Bibliotheca Persica). 

87 v. F. Sezgin, op. cit., vol. 1, pp. 53-84, 237-256. 
v. ibid, vol. 4, pp. 338-343. 
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282/895) as an interesting example of this gen- 
re. The surviving parts of this book, originally 
comprising 7 volumes, show clearly how far 
and how rapidly a branch of knowledge hith- 
erto cultivated by the Greeks could already 
develop, in complete independence from the 
latter, amongst Arab philologists before the 
end of the 3rd/9th century. A study 89 conducted 
exclusively on the basis of fragments of this 
book as cited in later dictionaries shows that 
Abu Hanlfa’s botanical descriptions are equal 
to those of the Materia medica by Dioscurides. 
According to Bruno Silberberg, the descriptions 
prepared by Dioscurides had a different moti- 
vation from those in the Kitab an-Nabat of Abu 
Hanifa. The purpose of the former was to help 
the reader in the identification of herbs in the 
field, i.e. purely practical, while Abu Hanlfa’s 
presentation seems to have been inspired by a 
delight in the manifold varieties of plant mor- 
phology. In those days, Silberberg 90 would still 
wonder: “How could the people of Islam reach 
in this respect the level of the brilliant Greeks 
or even surpass them at such an early period of 
their literature?” 

Abu Hanifa’s book bears witness to the use 
of a scientific botanical terminology; he “knows 
a lot of specialised expressions for the diverse 
features of plants which in an unbiased reader 
evokes the impression that they were part of a 
scientific nomenclature created for the sake of 
greater precision.” 91 He displays an advanced 
scientific-morphological attitude, 92 is familiar 
with the observation and description of physi- 



Bruno Silberberg, Das Pflanzenbuch des Abu 
Hanifa Ahmed ibn Da’ud ad-Dinawari. Ein Beitrag zur 
Geschichte der Botanik bei den Arabern, in: Zeitschrift 
fur Assyrologie und verwandte Gebiete (Strasbourg), 
24/1910/225-265, 25/1911/39-88, esp. pp. 43-44 (reprint in: 
Natural Sciences in Islam, vol. 18, pp. 117-208, esp. pp. 163- 
164); F. Sezgin, op. cit., vol. 4, p. 339. 

90 B. Silberberg, op. cit., p. 44 (reprint p. 164). 

91 ibid, pp. 45-47 (reprint pp. 165-167). 

92 ibid, p. 67 ff. (reprint p. 187 ff.). 



ological aspects 93 and illustrates “complicated 
shapes in plants by comparison with familiar 
types.” 94 

Amongst the examples of the development 
of sciences in this period, we may, lastly, men- 
tion the beginning of rhetoric (dim al-badV ) 
and of poetics (dim as-si ( r ) towards the end 
of the 3rd/9th century. Although Aristotle’s 
works on these subjects were available in the 
Arab-Islamic culture area through translations, 
the original Arabic theory of literature seems 
to have been hardly influenced by it. The two 
works by Aristotle were, as part of the Orga- 
non, of interest merely to philosophers and 
logicians. 95 

[20] The 4th/10th Century 

In the 4th/ioth century some Arabic astron- 
omers asked whether the obliquity of the eclip- 
tic was constant or subject to change. Ibrahim b. 
Sinan b. Tabit (d. 335/946) came to the conclu- 
sion that it was not constant. About fifty years 
later, Hamid b. al-Hidr al-Hugandi convinced 
himself, after many years of observations in 
an observatory built for the specific purpose of 
finding the answer to this problem which fea- 
tured a sextant with a radius of about 67 feet, 
that the obliquity of the ecliptic decreases con- 
tinuously (infra vol. II, 25). The discussion 
of the question concerning the Earth’s rota- 
tion had already started towards the end of the 
3rd/9th century-and apparently a heliocentric 
system had also been taken into consideration; 

93 ibid, pp. 65—66 (reprint pp. 185-186). 

94 ibid, p. 69 (reprint p. 189). 

95 v. Seeger A. Bonebakker, Reflections on the Kitab 
al-BadV of Ibn al-Mu c tazz, in: Atti del Terzo Congresso 
di Studi Arabi e Islamici, Ravello 1-6 settembre 1966, 
Naples 1967, pp. 191-209; Wolfhart Heinrichs, Arabische 
Dichtung und griechische Poetik. Hdzim al-Qartagannis 
Grundlegung der Poetik mit Hilfe aristotelischer Begriffe, 
Beirut 1969, p. 16; idem, Poetik, Rhetorik, Literaturkritik, 
Metrik und Reimlehre, in: GrundriB der arabischen 
Philologie, vol. 2, Wiesbaden 1987, pp. 177-207, esp. pp. 
188-190. 
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towards the end of the century this idea found a 
convinced advocate in the person of Ahmad b. 
Muhammad as-SigzI (infra vol. II, 16). Ga c far 
b. Muhammad b. Garir, a contemporary of 
as-SigzI, also believed in the Earth’s rotation. 
Both scholars constructed astrolabes according 
to this view. 96 

At the same time, the fundamental work 
on fixed star astronomy was composed by 
‘Abdarrahman as-Sufi in which he largely 
revised and updated the preliminary work by 
Hipparchus and Ptolemy (infra vol. II, 17). 

In the field of astronomy we should also 
mention the remarkable invention of an instru- 
ment known by the name Zig as-safa'ih, which 
Abu Ga c far Muhammad b. al-Husain al-Hazin 97 
(1st half of the 4th/ioth c.) constructed in order 
to be able to determine the longitudes of the 
planets directly by means of an instrument, 
without any arithmetical computations. We 
can trace the lasting effect of this instrument 
until the 16th century more clearly in Europe 
(where it was known under the name of equa- 
tory, v. infra vol. II, 173 ff.) than in the Islamic 
world. 

Towards the end of the century an entire- 
ly new element widened the scope of astro- 
nomical observations, when the refraction 
of light by the atmosphere was taken into 
account and attempts were made to determine 
it quantitatively. 98 

In the field of mathematics great success 
was achieved in the 4th/ioth century. Thus the 
already mentioned mathematician and astrono- 
mer Abu Ga c far al-Hazin was the first to suc- 
ceed in solving an equation of the third order 
with the help of conic sections. Further progress 
in the extraction of cube roots was made in the 
second half of the century. Thanks to the work 



96 v. F. Sezgin, op. cit., vol. 6, pp. 224-225. 

97 v. ibid, vol. 5, pp. 298-299, 305-307; vol. 6, pp. 
189-190. 

98 v. ibid, vol. 5, p. 229. 



of H. Suter" and P. Luckey, 100 we know of two 
methods by the two mathematicians Kusyar b. 
Labban 101 and Abu 1 -Hasan an-NasawI 102 who 
were perhaps indebted to the established meth- 
ods of the Chinese and Indians, but surpassed 
their predecessors. One of the two methods was 
the formula ~ a+ h ha that can be derived 

from the binomial theorem for b<a, which 
appears again in the first half of the 13 th centu- 
ry in the work of Leonardo Pisano. The second 
is an approximation formula. As P. Luckey 103 
demonstrated, this is in fact the familiar Ruffi- 
ni-Horner method of approximative solutions 
for algebraic equations. 104 Muhammad b. al- 
Hasan al-Karagl'° 5 , [21] one of the most emi- 
nent mathematicians of the time, already knew 
a formula for the fourth power. His contempo- 
rary Abu 1 -Wafa’ Muhammad b. Muhammad 
al-Buzaganl 106 wrote a treatise on the extrac- 
tion of roots up to and including the seventh 
power. 107 Around the middle of the century, 
Ahmad b. Ibrahim al-Uqlidisi dealt with deci- 
mal fractions. According to his own statements, 
he was also the first to write on cubic numbers 
and cube roots. 108 

Another one of the great mathematicians of 
this period, who with their contributions defined 
the standard of the subject in the 4th/ioth centu- 



99 Uber das Rechenbuch des Alt ben Ahmed el-Nasawi, 
in: Bibliotheca mathematica (Leipzig, Berlin) 3rd series 
7/1906-7/113-119 (reprint in: Islamic Mathematics and 
Astronomy, vol. 82, pp. 361-367). 

Die Ausziehung der n-ten Wurzel und der binomische 
Lehrsatz in der islamischen Mathematik, in: Mathematische 
Annalen (Berlin) 120/1948/217—274 (reprint in: Islamic 
Mathematics and Astronomy, vol. 56, pp. n-68). 
v. F. Sezgin, op. cit., vol. 5, pp. 343-345. 

I02 v. ibid., vol. 5, pp. 345-348- 

103 Die Ausziehung der n-ten Wurzel , op. cit., pp. 220—221 
(reprint, pp. 14—15). 

v. F. Sezgin, op. cit., vol. 5, p. 43. 

105 v. ibid., vol. 5, pp. 325-329. 
v. ibid., vol. 5, pp. 321-325. 

107 v. ibid., vol. 5, p. 43. 
v. ibid., vol. 5, p. 296. 
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ry, was Abu Sahl Waigan b. Rustam al-Kuhl. 109 
Continuing the work of his predecessors in 
the field of infinitesimal calculus, he calculat- 
ed the volume of parabolic domes by a simple 
method. 110 Among the contemporary attempts 
to find solutions for geometric problems lead- 
ing to equations of the third order, Abu Sahl 
solved the problem of finding a segment of a 
sphere the volume of which equals that of a 
given segment and the surface of which equals 
that of another given segment. “He solves them 
with the help of an equilateral hyperbola and 
a parabola, whose points of intersection are 
used to measure the unknown quantity. He also 
includes a discussion of the precise conditions 
under which the problem can be solved.” 111 Abu 
Sahl al-Kuhl also left us an elegant solution for 
the problem of trisecting an angle with the help 
of a hyperbola. 112 In the course of his intense 
occupation with curves of the third degree, he 
invented the “perfect compass” ( barkar tamrri) 
for drawing conic sections." 3 He also sought a 
geometrical answer to the physical-geometri- 
cal question of whether an infinite continuous 
motion was possible on a finite straight line." 4 

109 v. ibid., vol. 5, pp. 314-321. 

v. H. Suter, Die Abhandlungen Th&bit b. Kurras und 
Abu Sahl al-Kuhis iiber die Ausmessung der Paraboloide, 
in: Sitzungsberichte der Physikalisch-medizinischen 

Sozietat (Erlangen) 48-49/1916-17/186-227, esp. p. 222 (re- 
print in: Islamic Mathematics and Astronomy, vol. 21, pp. 
68-109, esp. p. 104). 

111 v. M. Cantor, Vorlesungen iiber Geschichte der 
Mathematik, vol. 1, 3rd ed. 1907, p. 749, following F. 
Woepcke, L’algebre d’Omar Alkhayyami, Paris 1951, pp. 
103-114 (reprint in: Islamic Mathematics and Astronomy, 
vol. 56, pp. 1-206, esp. pp. 127-138); F. Sezgin, op. cit., vol. 

5 ’ ^ 2 315 ' 

‘ v. Aydm Sayili, The trisection of the angle by Abu 
Sahl Wayjan ibn Rustam al-Kuhi (ft. 970-988), in: Belleten 
(Ankara), 26/1962/96-697; F. Sezgin, op. cit., vol. 5, p. 317. 

113 v. F. Sezgin, op. cit., vol. 5, p. 317; infra vol. Ill, p. 

I5I n 

" 4 v. Aydm Sayili, A short article of Abu Sahl Waijan 
ibn Rustam al Quhi on the possibility of infinite motion 
in finite time, in: Actes du VUIe Congres international 
d’histoire des sciences, Florence - Milan 3-9 septembre 



His affirmative answer and the method used 
recall the approach by Giovanni Battista Bene- 
detti" 5 (1530-1590). Maybe Abu Sahl intended, 
without saying so, to refute Aristotle, who had 
expressed the view that a continuous motion 
on a finite line was impossible." 6 

The great achievements in mathematics of 
this period also include those in the field of 
plane and spherical trigonometry even though 
they are usually regarded as part of astrono- 
my. The first systematic treatment of elements 
of trigonometry is to be found in the work of 
Abu l-Wafa’ Muhammad b. Muhammad al- 
Buzagani" 7 (328/940 - ca. 388/998). He treats 
the trigonometric functions uniformly and 
introduces a new method for the calculation of 
tables by a method of interpolation, with which 
[22] he calculates the tables of sines, tangents 
and cotangents. His sine table has an interval of 
15 minutes. Abu 1 -Wafa 5 , at the same time as 
his contemporaries Hamid b. Hidr al-Hugandl 
and Abu Nasr Mansur b. ‘All Ibn ‘Iraq, claims 
priority in the discovery of the fundamental law 
of spherical trigonometry (infra vol. Ill, 133 
ff.). This has primarily to do with the determi- 
nation of the sides of a spherical triangle from 
its angles. It appears that Abu l-Wafa’ really 
has the priority here. Moreover, he was also 
the first mathematician to attempt a solution of 
geometric problems with a pair of dividers of 
fixed gauge." 9 

In the field of medicine, it should be empha- 
sized that the level reached in this area led to 
the almost simultaneous yet independent publi- 
cation of the first handbooks covering the entire 

1956, Florence 1958, vol. 1, pp. 248-249; idem, in: Belleten 
(Ankara), 21/1957/489-495. 

115 On the method, see Kurd Lasswitz, Geschichte der 
Atomistik vom Mittelalter bis Newton, vol. 2, Leipzig 1890 
(reprint Hildesheim 1963), pp. 15-16. 

On Aristotle’s view, see ibid, p. 19. 

" 7 v. F. Sezgin, op. cit., vol. 5, pp. 321-325. 

v. A. P. Juschkewitsch, Geschichte der Mathematik 
im Mittelalter, pp. 309-310. 

119 v. F. Sezgin, op. cit., vol. 5, p. 46. 
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field of medicine in world literature. These are 
the Kamil as-sina‘a at-tibbiya by ‘All b. al- 
‘ Abbas al-Magusi , l2 ° at-Tasrifli-man ‘ agiza ‘an 
at-ta'lif by Abu 1 -Qasim Halaf b. ‘Abbas az- 
Zahrawl 121 and al-Mu‘alagat al-Buqratiya by 
Abu 1 -Hasan Ahmad b. Muhammad at-Tabari 122 . 
In the eleventh century, the book written by 
‘Ali b. al-‘Abbas al-Magusi was translated into 
Latin as Liber pantegni by Constantinus Afri- 
canus in Salerno and circulated in Europe for 
centuries under the authorship of the transla- 
tor. In the year 1127, it appeared once more in 
a translation by Stephanus of Antioch. 113 . The 
30th chapter of the at-Tasrif by az-Zahrawi, 
devoted to surgery was translated into Latin by 
Gerard of Cremona in the 1 2th century. Its 28th 
chapter, dealing with materia medica, and the 
30th about surgery belonged to the most widely 
circulated books of Arabic medicine in Europe. 
The third title, al-Mu‘alagat al-Buqratiya, did 
not reach Europe before modern times. 

Amongst the most important achievements 
of this century should also be counted the 
book Masalih al-abdan wa-l-anfus by Abu 
Zaid Ahmad b. Sahl al-Balhi 114 (d. 322/934) in 
whom we encounter an early exponent of psy- 
chosomatics. 125 One of the great advances in 

120 v. F. Sezgin, op. cit., vol. 3, pp. 320-322; facsimile 
edition in three volumes by the Institut fur Geschichte der 
Arabisch-Islamischen Wissenschaften, Frankfurt 1985. 

v. ibid, vol. 3, pp. 323-325; facsimile edition in two 
volumes by the Institut fur Geschichte der Arabisch- 
Islamischen Wissenschaften, Frankfurt 1986. 

122 v. ibid, vol. 3, pp. 307-308; facsimile edition in two 
volumes by the Institut fur Geschichte der Arabisch- 
Islamischen Wissenschaften, Frankfurt 1990. 

I2j v. Heinrich Schipperges, Die Assimilation der 
arabischen Medizin durch das lateinische Mittelalter, 
Wiesbaden 1964, p. 34 ff; Danielle Jacquart, Frangoise 
Micheau, La medicine arabe et V Occident medieval, Paris 
1990, p. 96 ff.; Charles Burnett, Danielle Jacquart (eds.), 
Constantine the African and ‘Ali Ibn al-‘ Abbas al-Magusi. 
The Pantegni and related texts. Leiden 1994 (contains 16 
contributions). 

124 v. F. Sezgin, op. cit., vol. 3, p. 274. 

125 The two extant manuscripts of his book were brought 



the medicine of that century was made in oph- 
thalmology and is associated with the name of 
‘Ammar b. ‘All al-Mausili. In his book, writ- 
ten towards the end of the century, Julius Hir- 
schberg 126 found particularly interesting “his 
clear and captivating descriptions of six cata- 
ract operations, which remain highly attractive 
even to the modem reader.” Hirschberg goes 
on to add that in Greek literature there was 
nothing comparable and in modem literature it 
was only in the 1 8th century “that we encoun- 
ter such precise and remarkable medical case 
histories again.” ‘Ammar’s most important 
operation, Hirschberg adds, was [23] the rad- 
ical operation of the soft cataract by suction 
with a metal syringe he had devised for that 
purpose. Remarkable was also the removal 
of the iris prolapse while retaining the facul- 
ty of vision, “whereas before him the Greeks 
and Arabs had undertaken this operation only 
for the improvement of looks but not for the 
improvement of sight.” 127 

In the 4th/ioth century, the previous devel- 
opment in geography led to the appearance of 
an anthropogeography such as developed in 
Europe only in the 1 9th century. This genre of 
Arab-Islamic geography with its stencil-like 
didactic maps may have been influenced by 
the Sassanid-Persian cultural area but appears 
completely autochthonous in its development. 
It was represented by Abu Zaid al-Balhi, al- 
Gaihani, al-Istahri, Ibn Hauqal and al-Maqdisi 
(al-MuqaddasI). The youngest of these, al- 
Maqdisi, was described as “the greatest geog- 
rapher ever” by the arabist Alois Sprenger 
around the middle of the 19th century after 

out separately in facsimile by the Institut fur Geschichte 
der Arabisch-Islamischen Wissenschaften, Frankfurt 1984 
and 1998; on this Zahide Ozkan, Die Psychosomatik bei 
Abii Zaid al-Balhi (gest. 934 A.D.), Frankfurt 1990 (re- 
print: Islamic Medicine, vol. 98). 

Geschichte der Augenheilhunde im Mittelalter, op. 
cit., p. 54. 

127 J. Hirschberg, op. cit., p. 54; F. Sezgin, op. cit., vol. 
3 > P- 33 i- 
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he had discovered the first manuscript of al- 
Maqdisl’s book (infra vol. Ill, 3k) in India and 
studied it. 

Amongst the most significant achievements 
of the century were also two fundamental 
works on the history of science. One of them 
is the “Catalogue” ( Fihrist ) by Muhammad 
b. Abi Ya c qub Ishaq Ibn an-Nadlm 128 (d. ca. 
400/1 010) which, under its modest title, aims 
to list the scientific literature of all known cul- 
ture areas. Such a work on the history of sci- 
ence-that astonishes us with its capacity to 
survey the material on a broad scope and to 
deal with foreign cultures objectively-would 
be inconceivable without an older tradition 
that made its appearance possible. We are rea- 
sonably familiar with this tradition today. 129 We 
might also think, for instance, of the works by 
the widely-travelled encyclopaedist ‘All b. al- 
Husain al-Mas c udi' 3 ° (d. ca 345/956), which I 
see as an attempt to describe all known cul- 
tures and civilizations past and present. 131 Ibn 
an-Nadlm himself quite frequently offers inter- 
esting clues that help us understand how his 
book came about. In the second part of his 9th 
treatise on the cultures of India and China, 132 he 
cites a passage about the religions and sects of 
India and their sacred places from a book writ- 
ten by an envoy whom the statesman Yahya 
b. Halid al-Barmakl (d. 190/805) had sent to 
India to report on its religions and to bring back 
medical drugs. 

The second fundamental work of this peri- 
od on the history of science was written in 
377/987, the same year as Ibn an-Nadlm wrote 
his book. It is the history of medicine ( Tabaqat 
al-atibba 1 wa-l-hukama 3 ) by the Andalusian 

128 

v. F. Sezgin, op. cit., vol. 1, pp. 385-388. 

129 ibid, vol. 1, pp. 383-388. 

130 v. ibid, vol. 1, pp. 332-336; vol. 6, pp. 198-203; vol. 7, 
pp. 276-277. 

131 I have written on this in the section on anthropo- 
geography of the Geschichte des arabischen Schrifttums, 
which is still in manuscript. 

132 Ibn an-Nadlm, Fihrist , p. 345—351, esp. p. 345. 



physician Sulaiman b. Hassan Ibn Gulgul 133 
which likewise is not restricted to the Islamic 
period. Comparing this work with the treatise 
written by Ishaq b. Hunain (d. 298/910) on the 
“History of Physicians” ( Ta'rih al-atibba’),' 34 
which appeared half a century earlier and was 
based on a pamphlet by the Alexandrian Johan- 
nes Grammatikos (1st half of the 6th century 
CE), we may understand how far the histori- 
ography of science had advanced in this short 
period and the dimension of universality it had 
gained. 

[24] I will have to pass over the develop- 
ment of humanities in the fields of philology, 
history, philosophy and the study of literature, 
to the details and importance of which Adam 
Mez devoted his Renaissance des l slams , 135 
which appeared in 1922. I restrict myself to 
drawing the attention to one unique cultural- 
historic achievement of the 4th/ioth century, 
namely the “Book of Songs” ( Kitdb al-Agani) 
in twenty-four volumes by Abu 1 -Farag Ahmad 
b. al-Husain al-Isfahanr 36 (d. 356/967). It is the 
extension and supplement of a collection of 
one hundred selected song compositions com- 
piled by three famous musicians upon com- 
mission by Caliph Harun ar-RasId which was 
subsequently revised and augmented 137 by the 
great musician and writer Ishaq b. Ibrahim al- 
Mausill’ 38 (b. 150/767, d. 235/850). The monu- 
mental work by Abu 1 -Farag al-Isfahani follows 
the tradition of his predecessors whose works 
it eclipsed and in the course of time caused to 
fall into oblivion. It provides not only infor- 
mation about the compositions' 39 of the court 

133 v. F. Sezgin, op. cit., vol. 3, pp. 309-310. 

134 v. F. Sezgin, op. cit., vol. 3, pp. 268. 

135 Mez died in 1917. The manuscript of his book, 
which he was not able to revise, was prepared for prin- 
ting by Hermann Reckendorf and published in 1922 in 
Heidelberg. 

136 v. F. Sezgin, op. cit., 1. 1, p. 378-382. 

137 v. ibid., vol. 1, p. 371. 

138 v. ibid., vol. 1, p. 378. 

9 v. Henry George Farmer, The Song Captions in the 
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musicians , 140 about their lives and the peculi- 
arities of their music in theory and in practice, 
but also on the lyrics and their poets; beyond 
this, it mirrors the court life of the Umayyads 
and Abbasids and the intellectual circles that 
took part in it. The reader encounters here the 
cultivated life of an urbane society in whose 
intellectual interests priority is given to music, 
poetry and belles letters. It is a book the like of 
which is not found in any other culture. 

The accomplishments of this century also 
included the creation of compound ink by the 
addition of soot-inspired by Chinese ink-to 
the traditional ink made of iron-gallic, which 
consisted of vitriol, extract of gallnut, gum ara- 
bic and water . 141 

The 5th/1 1th Century 

During the 5th/llth century, the issue of 
eccentric or concentric planetary orbits that 
had first been brought up in the 4th/ 10th cen- 
tury developed into a critical discussion of the 
Ptolemaic model. The first attempts in this di- 
rection had already been made in the preceding 
century. Abu Ga c far Muhammad b. al-Husain al- 
Hazin postulated a concentric model, rejecting 
the theory of eccentricity and epicycles which 
he replaced by the assumption of variations 
in each planetary orbit relative to the plane of 
the ecliptic . 142 Towards the end of the 4th/10th 
century, Abu Nasr b. ‘Iraq 143 discussed the 
idea — proposed by his contemporaries — of el- 
liptic planetary orbits with minute differences 

Kibab al-Aghanl al-Kablr, in: Transactions of the Glasgow 
University Oriental Society 15/1953— 54/1— io (reprint in: 
The Science of Music in Islam, vol. 1, pp. 433-442). 

v. E. Neubauer, Musiker am Hof derfruhenAbbasiden, 
Ph.D. Thesis Frankfurt 1965. 

141 1 owe this information to Dr. Armin Schopen, who 
has been working on this subject matter for many years; 
see now his Tinten und Tuschen des arabisch-islamischen 
Mittelalters. Dokumentation - Analyse - Rekonstruktion, 
Gottingen, 2006, p. 61 ff. 

142 v. F. Sezgin, op. cit., vol. 6, p. 189. 

143 v. v. ibid, vol. 6, p. 243.. 



between the length of the two axes and the pos- 
sibility of actual unsteadiness in the revolutions. 
He was, however, convinced of a constant and 
uniform motion and that the apparent irregulari- 
ties and the observed variations in the diameter 
of the planetary orbits could be explained by 
eccentricity. [ 25 ] He apparently did not deem it 
necessary to retain any epicyclic motions. 

The discussion took a new turn through Abu 
‘All Ibn al-Haitam 144 (d. shortly after 432/1041). 
In his “Doubts on Ptolemy” he expresses his res- 
ervations by stating that Ptolemy, in his model 
for the explanation of planetary motion violated 
the fundamental principle of the uniformity of 
circular motion by introducing the equant, be- 
cause the motion of the centre of the epicycles 
on the deferent cannot be uniform any more. Ibn 
al-Haitam was convinced 145 that Ptolemy had 
postulated this faulty model so that he would 
not have to give up his idea of the system of the 
planetary orbits and that he had introduced ficti- 
tious models with no basis in reality . 146 

Ibn al-Haitam ’s criticism of Ptolemy had a 
lasting inf luence on the succeeding generations 
that can be traced up to Copernicus. On the other 
hand, Ibn al-Haitam adopted the concept of the 
heavenly spheres as actual transparent structures 
from Ptolemy’s UJtoBeoeig and elaborated upon 
it in his Kitabfi HaVat al-'alam. This was clear- 
ly a backward step in the history of astronomy. 
The concept of tangible spheres, which was criti- 
cised about a hundred years later by Muhammad 
b. Ahmad al-Haraql (d. 5 3 3 / 1 13 9), 147 remained 
relevant for centuries up to Newton’s time. 148 On 
the other hand, the planetary kinematics (infra 

144 v. F. Sezgin, op. cit, vol. 6, pp. 251 ff. 

145 ibid, vol. 6, p. 34.. 

146 ibid, vol. 6, p. 87. 

147 v. ibid, vol. 6, p. 253. 

148 v. Karl Kohl, “Uber das Licht des Mondes. Eine 
Untersuchung von Ibn at Haitham, in: Sitzungsberichte 
der Physikalisch-medizinischen Sozietat (Erlangen) 56- 
57/1924-25 (1926)7305-398, esp. p. 306 (reprint in: Islamic 
Mathematics and Astronomy, vol. 58, pp. 135-228, esp. p. 
136). 
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II, 9f.) that Ibn al-Haitam elaborated in this con- 
nection were of great importance. 

The polymath Abu r-Raihan Muhammad b. 
Ahmad al-Biruni (362/973-440/1048), a contem- 
porary of Ibn al-Haitam, took it upon himself to 
produce, besides numerous monographs on in- 
dividual topics, a fundamental work on astron- 
omy in which the development of the discipline 
up to his own time was to be treated system- 
atically. He called it al-Qanun al-Mas c udl after 
the dedicatee Mas c ud b. Mahmud b. Sebiiktigin 
who ruled from Ghazna. Al-Blruni followed the 
Ptolemaic system to a large extent, yet he was 
aware that science had progressed in the course 
of time and that he himself was able to contrib- 
ute something new to it. As an example of his 
achievements, his calculation of the distance of 
the apogee from the vernal equinox is mentioned. 
He determined the acceleration and deceleration 
of the motion in the perigee from the tables by 
differential analysis; thus he became one of the 
pioneers of infinitesimal calculus. 149 

One of the most significant achievements of 
the century was the expansion of mathematical 
geography into an independent discipline. Again 
it is al-Biruni to whom this great credit goes. We 
learn from his work devoted to this topic, Tahdld 
nihayat al-amakin li-tashih masafat al-masakin, 
that during the 4th/ioth century people in the 
eastern part of the Islamic world were fervently 
engaged in the determination of geographical 
coordinates. We hear that al-Biruni himself had 
had a strong inclination to this matter from his 
youth. His teachers had solved the problem of 
the calculation of the sides of a spherical trian- 
gle from its angles, which later led al-Biruni to 
devote a [26] special monograph to problems 
of spherical trigonometry. It is the extant Kitdb 

149 v. Willy Hartner, Matthias Schramm, al-Biruni and 
the Theory of the Solar Apogee: an example of originality 
in Arabic Science, in: Scientific Change. Symposium on 
the History of Science. University of Oxford, 9-15 July 
1961, ed. A. C. Crombie, London 1963, pp. 206-218; F. 
Sezgin, op. cit., vol. 6, p. 263. 



Maqalld dim al-haVa. ' 5 Here the discipline is 
still subordinate to astronomy. In the eighth 
chapter of his al-Qanun al-Mas'udi , al-Blruni 
discussed the functions of tangent and cotan- 
gent and supplied the book with a tangent table.' 51 
Soon it occurred to him to use the new method 
also for the determination of longitudinal dif- 
ferences and distances between localities. The 
longitudinal differences calculated accordingly 
of numerous localities between Baghdad and 
Ghazna are congruent with modem values with 
deviations of only 6' to 45'. From his own report 
and lively descriptions, we leam about his meth- 
od and its application to the long routes between 
Ghazna and Baghdad, where he conducted his 
work. He discussed his efforts on that matter 
in several works of which unfortunately only 
one survived. The interesting titles of those lost 
writings and the contents of the extant Tahdld 
nihayat al-amakin create the impression that al- 
Biruni was indeed the one who promoted math- 
ematical geography into an independent disci- 
pline,' 52 whereby his surviving book deserves to 
be called the fundamental work on this subject. 

At the beginning of the 5th/ nth century, 
both al-Biruni and Ibn al-Haitam independently 
came to the conclusion that the traditional meth- 
od of determining the meridian line by means 
of the Indian circle was unsatisfactory due to 
errors caused by variations in the sun’s declina- 
tion. Ibn al-Haitam, unaware of the method pro- 
posed by al-Biruni, found a way to determine 
the meridian by observing the corresponding al- 
titudes of a fixed star and devised an instrument 
for this purpose (infra II, 146). Ibn al-Haitam’s 

' 5 ° v. F. Sezgin, op. cit., vol. 6, pp. 266-267; edited 
and translated into French by Marie-Therese Debarnot, 
Damascus 1985. 

' 5 ' v. Carl Schoy, Die trigonometrischen Lehren des 
persischen Astronomen Abu'l-Raihan Muh. ibn Ahmad 
al-Biruni dargestellt nach al-Qanun al-Mas ‘udi, Hanover 
1927, pp. 46-57 (reprint in: Islamic Mathematics and 
Astronomy, vol. 35, pp. 161-278, esp. pp. 216-227); A. P. 
Juschkewitsch, op. cit., p. 302. 

152 F. Sezgin, op. cit., vol. 10, pp. 154-161. 
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method first appeared in Europe in the work of 
Regiomontanus of the first quarter of the 15 th 
century. 

The 5th/ nth century also brought about 
great achievements in the field of mathematics. 
The works of al-Biruni and Ibn al-Haitam alone 
show that substantial progress compared to the 
preceding century was already made in the first 
30 or 40 years of the century. 

Besides the above-mentioned advances to- 
wards infinitesimal calculus, al-Biruni was able 
to enumerate in his Qanun , the fundamental 
work of astronomy, twelve methods for trisect- 
ing an angle 153 worked out by his predecessors 
and contemporaries. These problems were 
solved through cubic equations and led also to 
attempts at solving the equations numerically. 
An interesting example for such an attempt was 
al-Blruni’s exercise to determine the sides of a 
nonagon. 154 Of his numerous further achieve- 
ments in the field of mathematics kn own to- 
day, we shall mention only his mensuration of 
the circle through the sides of an inscribed and 
circumscribed nonagon, [2 7] which is actually 
a trigonometric problem; al-Biruni reduces it to 
a cubic equation or (alternatively) solves it by 
means of a special iteration process ( istiqrd 3 ). 155 

Recent research has pointed out significant 
achievements by Ibn al-Haitam as well; some of 

153 v. Carl Schoy, Die trigonometrischen Lehren des . . . 
Abu’l-Raihan ... al-Biruni, op. cit., pp. 23-30 (reprint in: 
Islamic Mathematics and Mathematics, vol. 35, pp. 193- 
200); A. P. Juschkewitsch, op. cit., pp. 301-302; F. Sezgin, 
op. cit., vol. 5, p. 376. 

154 v. Carl Schoy, Die trigonometrischen Lehren des . . . 
Abu’l-Raihan ... al-Biruni, op. cit., pp. 18-22 (reprint in: 
Islamic Mathematics and Mathematics, vol. 35, pp. 188- 
192); J. Tropfke, Geschichte der Elementar-Mathematik, 
vol. 3, 3rd ed., Berlin and Leipzig 1937, pp. 129-132; A. P. 
Juschkewitsch, op. cit., p. 258. 

155 v. Paul Luckey, Der Lehrbrief iiber den Kreisumfang 
( ar-Risala al-Muhitiya) von Gamsld b. Mas c ud al-Kasi 
iibersetzt und erldutert, ed. A. Siggel, Berlin 1953, pp. 46- 
47 (reprint in: Islamic Mathematics and Astronomy, vol. 
56, pp. 227-329, esp. pp. 280-281); F. Sezgin, op. cit., vol. 
5 , P- 377 - 



these may be mentioned here. The famous math- 
ematical-optical ‘problema Alhazeni’, which is 
named after him, occupies an important place 
in the history of mathematics. He posed that 
problem, i.e. “to determine the point of reflec- 
tion of a spherical mirror from which the image 
of an object at a given place is reflected into an 
eye that is also at a given place” 156 and solved 
it himself with an equation of the fourth order. 
An important further development of the prob- 
lem posed and solved by Ibn al-Haitam is re- 
flected in the Kitab al-Istikmal by al-Mu daman 
b. Yusuf b. Ahmad b. Sulaiman al-Hudi, a ruler 
of Saragossa (d. 478/1085). 157 In his highly inter- 
esting book, which was rediscovered only two 
decades ago, al-Mu’taman introduces a simpli- 
fication and generalization of Ibn al-Haitam ’s 
problem. 158 We shall show elsewhere that this 
problem and its solution, translated into Latin in 
the 1 2th century as part of the great optical work 
(j Kitab al-Manazir ) by Ibn al-Haitam, occupied 
eminent mathematicians in Europe well into the 
19th century (infra III, 187 f.). 

Ibn al-Haitam is also one of the pioneers of 
infinitesimal calculus. Going beyond his pred- 
ecessors Archimedes, Tabit b. Qurra, Ibrahim b. 
Sinan b. Tabit and Abu Sahl al-Kuhi, he also 
calculates paraboloids “which are produced 
by the rotation of the parabola around any ar- 
bitrary diameter of itself, and then especially 
those which are produced by the rotation of a 
part of the parabola around the ordinate.” 159 His 

156 M. Cantor, op. cit., vol. 1, p. 789; F. Sezgin, op. cit., 
vol. 5, p. 359. 

157 v. Jan P. Hogendijk, The geometrical parts of the 
Istikmal of Yusuf al-Mu 3 taman ibn Hud (nth century), in: 
Archives intemationales d’histoire des sciences (Paris, 
Rome) 41/1991/207-281. It is noteworthy that Maimonides 
(Musa b. Maimun) revised al-Mu’taman’s book under the 
title Tahdlb al-Istikmal (see Ibn al-Qifti, Ta } rih al-hu- 
kumd\ Leipzig 1903, p. 319). 

158 v. Jan P. Hogendijk, Al-Mu’taman’s simplified lem- 
mas for solving Alhazen ’s Problem ’, in: From Baghdad to 
Barcelona. Studies in the Islamic exact sciences in honour 
of Prof. Juan Vemet, vol. 1, Barcelona 1996, pp. 59-101. 

h9 v. H. Suter, Die Abhandlung iiber die Ausmessung 
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solution, “in which the sum of the fourth power 
occurs, contains a calculation which equals the 
computation of the definite integral 0 /W/.”' ° 
One of the few achievements of Ibn al-Haitam 
in the field of geometry known so far assures 
him an outstanding position in the history of the 
discussion of Euclid’s postulate of parallels (in- 
fra III, 126 fi). He attempts to prove the fifth 
postulate of the Elements according to the prin- 
ciple of motion, which leads to the assumption 
that lines of constant distance to a straight line 
must also be straight lines. Ibn al-Haitam “here 
takes a course which later many of his direct or 
indirect followers, including the geometers of 
the 1 8th century, pursued.”' 61 

[28] In trigonometry we may refer to his 
theorem on the spherical cotangent, which, in- 
terestingly enough, he derives purely geometri- 
cally and applies it in his treatise on the deter- 
mination of the prayer direction ( qibla ) l6 \ With 
this third main theorem of spherical trigonom- 
etry, Ibn al-Haitam proves to be a precursor of 
Francois Viete (15 93). 163 

We shall not forget a contemporary of Ibn al- 
Haitam and al-Birunl by the name of Muhammad 
b. al-Lait Abu 1-Gud.' 64 We know a construction 



des Paraboloids von el-Hasan b. el-Hasan b. el-Haitham, 
ubersetzt und mit Kommentar versehen, in: Bibliotheca 
Mathematica (Leipzig) 3rd series, 12/1912/289-332, esp. p. 
320 (reprint in: Islamic Mathematics and Astronomy, vol. 
57, pp. 141-184, esp. p. 172); F. Sezgin, op. cit., vol. 5, p. 

359 i6o 

A. P. Juschkewitsch, op. cit., pp. 292-294; idem and 
B. A. Rosenfeld, Die Mathematik der Lander des Ostens 
im Mittelalter, Berlin 1963, pp. 155-156. 

A. P. Juschkewitsch, op. cit., p. 281; F. Sezgin, op. 
cit^vol. 5, pp. 49, 361. 

‘ v. Carl Schoy, Abhandlungen des al-Hasan ibn al- 
Hasan ibn al-Haitam (Alhazen) iiber die Bestimmung 
der Richtung der Qibla, in: Zeitschrift der Deutschen 
Morgenlandischen Gesellschaft (Leipzig) 75/1921/242-253 
(reprint in: Islamic Mathematics and Astronomy, vol. 58, 
pp. 28-39); see F. Sezgin, op. cit., vol. 5, p. 362. 

163 v. J. Tropfke, Geschichte der Elementar-Mathe-ma- 
tik, vol. 5, 2nd ed., Berlin and Leipzig 1923, p. 143. 

164 v. F. Sezgin, op. cit., vol. 5, pp. 353-355. 



of his of a heptagon inside a circle, which he re- 
duces to an equation of the third order.' 65 About 
half a century earlier this construction had al- 
ready been accomplished by Abu Sahl al-Kuhi' 66 
and Ahmad b. Muhammad as-Sigzi,' 67 but Abu 1- 
Gud took another path' 68 and found the construc- 
tion of the equation x 3 + i^V2x+^ = iox 2 which 
his predecessors did not succeed in finding.' 69 In 
the construction of the heptagon the influence 
of the Arabic-Islamic culture area on European 
mathematicians is noticeable well into the 1 7th 
century.' 70 

Abu 1-Gud was apparently the first mathema- 
tician who dedicated a treatise to forms of equa- 
tions of the third order and methods for their so- 
lution. We learn this from his successor ‘Umar 
al-Haiyam (2nd half of 5th/i ith c.), who himself 
had not seen the work but had been informed 
about it by a contemporary.' 7 ' The surviving work 
on algebra by ‘Umar al-Haiyam ( al-Barahln 
( ala masa’il al-gabr wa-l-muqdbala ) was ed- 
ited, studied and translated into French by Franz 
Woepcke 150 years ago and can be considered 
the true reflection of the development which al- 
gebra underwent in Arabic-Islamic mathemat- 
ics. Al-Haiyam enumerates twenty-five types of 

166 ibid’ VoL 5 ’ P ' 353 ' 

v. Yvonne [Dold-]Samplonius, Die Konstruktion des 
regelmassigen Siebenecks nach Abu Sahl al-Quhi Waigan 
ibn Rustam, in: Janus 50/1963/227-249; F. Sezgin, op. cit., 
vol. 5, p. 316. 

167 v. C. Schoy, Graeco -arabische Studien..., in: Isis 
(Brussels) 8/1926/21-40 (reprint in: Islamic Mathematics 
and Astronomy, vol. 62, pp. 29-48); F. Sezgin, op. cit., vol. 
5, p.^30. 

v. C. Schoy, Graeco-arabische Studien ..., op. cit, 
pp. 38-39 (reprint pp. 46-47); F. Sezgin, op. cit., vol. 5, pp. 
353^54- 

1 9 v. A. P. Juschkewitsch, op. cit., p. 259. 

170 cf. J. Tropfke, Geschichte der Elementar-Mathematik, 
op. cit., vol. 3, p. 132. 

171 c Umar al-Haiyam, Risala fi l-barahin c ala masahl 
al-gabr wa-l-muqdbala , hsg. in F. Woepcke, L'algebre 
d f Omar Alkhayy ami, Paris 1851, pp. (Arabic) 1 ff., esp. 47, tr. 
pp. 81-82 (reprint in: Islamic Mathematics and Astronomy, 
vol. 45, pp. 105-106, 158). 
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equations of which twelve are of linear or quad- 
ratic type; the rest consists of equations of the 
third order which can be solved by conic sec- 
tions and are treated systematically by him. He 
complains that no algebraic solution of those 
equations had yet been found, but expresses 
his hopes that future generations might perhaps 
succeed in this. 172 Al-Haiyam also points out 
that cubic equations which cannot be reduced to 
quadratic ones can generally not be solved with 
compass and ruler, i.e. through the properties of 
the circle. This view was later also expressed by 
Rene Descartes (1637) but was only proven by 
Pierre Laurent Wantzel (1837). 173 

The fact that the “excellent book” by c Umar 
al-Haiyam had remained unknown “until the 
most recent times” and that mathematicians like 
Fermat (around 1637), [29] Descartes (1637), 
van Schooten (1659), E. Halley (1687) and oth- 
ers had “had to invent similar constructions over 
again” was regretted by the mathematician-his- 
torian Johannes Tropfke as late as 193 7. 174 

Al-Haiyam, who also counts among the great 
Persian poets and is a highly esteemed author- 
ity in other areas of science like astronomy and 
physics, found his own solution for the postu- 
late of parallels. He rejects the use of motion 
as a means of proof in geometry, which Ibn al- 
Haitam had supported. His solution reappears in 
the 1 8th century in the work of the Italian math- 
ematician Girolamo Saccheri (infra III, 127 £). 
In the 5th/ nth century we encounter several de- 
cisive achievements in the field of physics, in- 
cluding optics and meteorology.' 75 Despite admi- 
rable individual studies by Eilhard Wiedemann 
and his disciples and despite the excellent work 
by Matthias Schramm, Ibn al-Haythams Weg 
zur Physik (1963), the discipline of physics be- 
longs to those areas of Arabic-Islamic science 

172 ‘Umar al-Haiyam, op. cit., p. (Arabic) 6, tr. p. 9 (re- 
print op. cit., pp. 33, 199); F. Sezgin, op. cit., vol. 5, p. 50. 

173 v. J. Tropfke, op. cit., vol. 3, p. 125; A. P. Juschkewitsch, 
op. cit. p. 261. 

174 J. Tropfke, op. cit., vol. 3, p. 133. 

175 On this see F. Sezgin, op. cit., vol. 7, pp. 203-305. 



which still await a comprehensive treatment 
of however modest a scope. Approaching Ibn 
al-Haitam from his main work on optics ( Kitab 
al-Manazir ) and his astrophysical writings, 
Schramm came to the conclusion that in these 
works Aristotelian physics, applied mathematics, 
traditional astronomy and optics are combined, 
and that this can be considered as typical of Ibn 
al-Haitam ’s scientific research.' 76 On the other 
hand, he succeeded, according to Schramm, “in 
transforming Aristotelian metaphysics of nature, 
with the study of which he began his scientific 
endeavours, into a physical theory that provides 
a dynamic explanation of the kinematic model 
postulated by Ptolemy.”' 77 With his efforts in this 
respect, Ibn al-Haitam had “taken the first step 
that was to lead to one of the most remarkable 
achievements of the human mind as such, from 
the metaphysics of nature and its mathematical 
description towards physics, towards exact nat- 
ural science based on mathematical methods.”' 78 
Ibn al-Haitam ’s continuously expanding 
physical-astronomical knowledge resulted in 
numerous monographs,' 79 such as on the shape 
of the Earth, on burning mirrors, on rainbow 
and halo, on moonlight, on the light of the stars, 
on the anatomy of the visual organ and the na- 
ture of visual perception, on the “image of the 
eclipse” and on the lunar spots. He put down his 
knowledge of optical matters in the above-men- 
tioned comprehensive work Kitab al-Manazir. 
Like his Arabic predecessors Abu Bakr ar-Razi 
(d. 313/925), al-Farabl (d. 339/950) and his 
contemporary Ibn Slna (d. 428/1037), and op- 
posing Euclid and Ptolemy, he supported the 
Aristotelian view according to which visual per- 
ception does not involve rays emanating from 
the eye but rays emanating from the object. 
Mathematics and experiment always remain 

176 M. Schramm, Ibn al-Haythams Weg zur Physik, 
Wiesbaden 1963, p. 7. 

177 ibid, p. 143. 

j 7 ibid, p. 145. 

179 v. ibid, pp. 274-284. 
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in the foreground with all the problems he ad- 
dressed, not only in the case of visual perception. 
According to Schramm’s 180 opinion, the “Optics” 
display the mathematical genius of their author. 
For experimental purposes, Ibn al-Haitam con- 
structed several instruments and devices, includ- 
ing a camera obscura. 18 ' 

[30] In 1890 Leopold Schnaase 182 gave an 
excellent evaluation of Ibn al-Haitam ’s “Optics” 
and its significance, on the basis of its Latin 
translation. This evaluation was corroborated in 
a masterly way by Schramm’s study. Referring 
to Ibn al-Haitam with the Latinized form of 
his name, Schnaase writes: “A comparison of 
Alhazen’s achievements with those of Ptolemy 
shows what remarkable progress optics owe 
especially to the former; Alhazen was the first 
physicist to take into account the anatomy of the 
eye and to develop, on that basis, an elaborate 
theory of vision, a theory which — in spite of in- 
correct premises on the functions of the crystal 
lens — achieved results that almost agree with 
modem findings. The assumptions and experi- 
ments by which he determines the conditions 
of seeing single and double images must be re- 
garded as his discoveries. Furthermore, he was 
the first to find definite proof that the theory of 
visual rays is incorrect, thus removing this the- 
ory once and for all from physics and establish- 
ing its opposite — a shift in the fundamentals of 
optics which was of far-reaching consequence. 
Even the claim that the transmission of light 
takes a certain time was already made by him. 
What a tremendous gap separates Ptolemy and 
Alhazen, the Greek and the Arabic school in this 
regard.” 



M. Schramm, Ibn al-Haythams Weg zur Physik, 
Wiesbaden 1963, p. 14. 

181 Ibid., p. 210. 

182 ^ 

” Alhazen. Ein Beitrag zur Geschichte der Physik , in: 
Schriften der Naturforschenden Gesellschaft in Danzig, 
N. F. 7, Heft 7/1890,3/140-164, esp. pp. 163-164 (reprint 
in: Natural Sciences in Islam, vol. 33, pp. 26-52, esp. pp. 
51-52). 



“In the theory of reflection, Alhazen eclipses 
all his predecessors by the clarity of his views. 
He is the first to prove, by means of an appara- 
tus, the relevant laws for all kinds of mirrors at 
the same time and he is the first to give a cor- 
rect explanation of mirror images. The investi- 
gations about the location and the distortions of 
the images as well as the solution of the problem 
named after him are all entirely novel.” 

“Alhazen surpasses Ptolemy also in the knowl- 
edge of refraction. He knows that the relation 
between the angles of refraction and incidence 
is not constant, that the path of light through 
two media backwards and forwards remains the 
same, and that the image of an object appears 
raised and magnified in a denser medium; final- 
ly he determines its location in a way still valid 
today. A particularly remarkable achievement of 
his experiments is the discovery of the magnify- 
ing power of spherical segments made of glass, 
a discovery that certainly had some influence 
on the early development of spectacle lenses. — 
The explanation of the apparent enlargement of 
stars at the horizon given by Alhazen is still the 
only one we know and much better than the one 
given by Ptolemy. The latter tries to explain the 
diminution at the zenith by the peculiar posi- 
tion of the eyes while looking up, whereas he 
excels Alhazen in other aspects of astronomical 
refraction. — It goes without saying that the cal- 
culation of the height of the atmosphere as well 
as experiments with a spherical burning-glass 
are not even hinted at by any physicist prior to 
Alhazen.” 

“. . . Even if views similar to his had occasion- 
ally been voiced earlier, to have clarified and to 
have decided finally between opposing views 
goes undoubtedly to Alhazen’s credit; and thus 
he caused the magnificent shift in the fundamen- 
tal theories of optics through which, at the be- 
ginning of the new millennium, new prospects 
were opened up for research and preparations 
were made for the dazzling discoveries of the 
modem age.” 
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[31] To this highly informative judgment 
by a physicist of humanistic persuasion from 
the end of the 19th century, I add the opinion 
of the contemporary historian of medicine, H. 
Schipperges, 183 which he formed by reading 
Matthias Schramm’s study on the role of Ibn 
al-Haitam in the history of physics. He agrees 
with Schramm “that it was indeed Ibn al-Haitam 
who introduced for the first time a new method- 
ic character into the natural sciences, a method- 
ology which clearly distinguishes him from the 
Greek approach and which, passing beyond the 
epoch of Galileo, links up with modem experi- 
mental physics”. 

From the surviving works and also the titles 
of the lost treatises by Abu r-Raihan al-Blrunl 
we can appreciate the original and important 
contribution made to the physical science of 
this period. The maturity with which problems 
of natural sciences were approached during that 
period is reflected in the correspondence be- 
tween al-Blrunl and Abu ‘All Ibn Slna, who was 
eleven years his junior, i.e. seventeen at the time. 
Besides the surviving texts of this correspond- 
ence, 184 Al-Biruni’s own statements on the ques- 
tion of the speed of light and global warming 
in his “Chronology of Eastern People” ( al-Atar 
al-baqiya c an al-qurun al-haliya), 185 where he 
refers to this correspondence and speaks of Ibn 
Slna as a young man of merit, are vivid illustra- 
tions of the elevated scientific spirit of that pe- 
riod. An assessment of al-Birum’s status in the 
history of physics is still awaited. So far, mainly 
his achievement in determining the weights of 

T o~ 

3 Review of Schramm’s book in: Archives internatio- 
nales d’histoire des sciences (Paris) 17/1964/183-184, esp. 

p - i 4 - 

Edited with Turkish translation by Muhammad 
Tanci in: Beyruni'ye armagan, (on the occasion of al- 
Biruni’s ioooth anniversary), ed. by Aydin Sayili, Ankara 
!974, PP- 231-301. 

1 5 Ed. Eduard Sachau, Leipzig 1878 (reprint in: Islamic 
Mathematics and Astronomy, vol. 30), pp. 256-257; 
idem, English transl., London 1879 (reprint in: Islamic 
Mathematics and Astronomy, vol. 31), p. 247. 



objects having the same volume has been stud- 
ied and evaluated from the perspective of the 
history of science. 186 After several failed experi- 
mental setups, he finally succeeded in construct- 
ing a device for this purpose which resembles 
the modem pharmacy-pycnometer (infra V, 9 
ffi). The specific gravities of various metals and 
precious stones as determined by him and his 
successors with this device are almost identical 
to their modem values. Mention should also be 
made of the interesting attempt to determine the 
height of the atmosphere in the second half of 
the 5th/nth century. The problem was solved 
by trigonometric-astronomical methods; this 
solution can be found in the Latin translation 
De crepusculis et nubium ascensionibus, which 
was erroneously attributed to Ibn al-Haitam. The 
real author' 8 ’ was the Andalusian scholar Abu 
'Abdallah Muhammad Ibn Mu c ad al-Gaiyanl. 
This Latin treatise, printed in Portugal in 1542, 
had a lasting impact on the Occident. 189 

[32] The two major works by Abu C A 1 I Ibn 
Slna (d. 428/1037), his “Canon of Medicine” 
( 1 al-Qanun fi t-tibb ) and the encyclopaedia of 
philosophical and exact sciences entitled “Book 
of Healing [of the Soul]” ( Kitab as-Sifa "), be- 

186 E. Wiedemann, Uber das al Berunische Gefafi zur 
spezifischen Gewichtsbestimmung , in: Verhandlungen 
der Deutschen Physikalischen Gesellschaft im Jahre 
1908, Braunschweig 1908, pp. 339-343 (reprint in: Natural 
Sciences in Islam, vol. 46, pp. 113-117); idem, Uber die 
Verbreitung der Bestimmungen des spezifischen Gewichtes 
nach Biruni , in: Sitzungsberichte der Physikalisch-me- 
dizinischen Sozietat (Erlangen) 45/1913/31-34 (reprint in: 
Natural Sciences in Islam, vol. 46, pp. 119-122); Heinrich 
Bauerreiss, Zur Geschichte des spezifischen Gewichtes im 
Altertum und Mittelalter , Ph. D. Thesis Erlangen 1914, p. 
28 ff. (reprint in: Natural Sciences in Islam, vol. 45, pp. 
193-^24, esp. pp. 224 ff.). 

1 7 v. A. I. Sabra, The authorship of the Liber de crepus- 
culis, an eleventh-century work on atmospheric refraction , 
in: Isis (Berkeley) 58/1967/77-85. 

v. F. Sezgin, op cit., vol. 5, p. 109. 

189 v. Matthias Schramm, Ibn al-Haythams Stellung in 
der Geschichte der Wissenschaften , in: Fikrun wa Fann 
(Hamburg) 3/1966,6/65-85, esp. pp. 73-74; F. Sezgin, op. 
cit., vol. 5, p. 364. 
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long indisputably to the most important scien- 
tific achievements of the Arabic-Islamic culture 
area. 

Julius Hirschberg 190 described the “Canon” by 
this extraordinarily talented and diligent think- 
er as “distinguished by order and exactitude, 
a very extensive and comprehensive didactic 
system covering the entire science of medicine 
including surgery — almost without parallel in 
world literature.” He goes on to add: “From the 
Greeks we have inherited only collections, ex- 
tracts, compilations. The Canon is a work as of 
one mold. Nowadays a complete medical staff 
is required to produce a ‘manual’ like this. For 
half a millennium, the Canon remained effective 
and Ibn Slna reigned supreme, like Aristotle and 
Galen.” The Canon was translated into Latin in 
the 1 2th century and influenced medical science 
in the West up to the 1 7th century. 

The second, equally extensive, encyclopae- 
dic work by Ibn Slna deals with the theory of the 
principles of the natural bodies and the cosmos, 
origin and end, potency and suffering in nature; 
it covers meteorology and geology, psychology, 
botany and zoology, mathematics and astron- 
omy, music, philosophy and logic.' 9 ' The book 
was translated into Latin by John Hispaniensis 
in the 1 2th century and influenced the develop- 
ment of sciences in the Occident for centuries. 

In the context of Ibn Sina’s two works we 
should also mention the great achievements of 
the Christian ophthalmologist ‘All b. Tsa al- 
Kahhal (1st half of the 5th/i ith c.). J. Hirschberg 
considers his work as leading amongst the text- 
books of ophthalmology produced for the next 
800 years. About its Latin translation, howev- 
er, he wrote: “Ophthalmology in the Occident 
would have reached a higher standard and could 

' 9 ° Geschichte der Augenheilkunde, vol. 2: Geschichte 
der Augenheilkunde im Mittelalter, Leipzig 1908 (= Graefe- 
Saemisch, Handbuch der gesamten Augenheilkunde, vol. 
13), P- 16. 

' 9 * Die Metaphysik Avicennas, iibersetzt und erlau- 
tert von Max Horten, Halle and New York 1907 (reprint: 
Islamic Philosophy, vol. 40-41), p. VIII. 



have contributed more to the benefit of human- 
ity had the early Latin translation of his work 
been more reliable and consequently in wider 
circulation.”' 92 Hirschberg points out that opera- 
tions under anaesthesia belonged to the common 
medical procedures and regrets that surgically 
induced “sleep” (tanwim) practised by the Arabs 
remained completely unknown to the historians 
of medicine.' 93 

From the geographical works of this century 
the first comprehensive geographical lexicon 
known to us should be mentioned. It was com- 
piled by Abu ‘Ubaid ‘Abdallah b. ‘AbdaFazIz 
al-Bakri' 94 of Cordova (d. 487/1094). This geog- 
rapher, historian and lexicographer compiled an 
alphabetically arranged reference book on the 
basis of numerous monographs and other avail- 
able sources about caravanserais, mountains, 
rivers, wells, etc. The same author left behind 
a valuable topographic geography ( Kitab al- 
Masalik wa-l-mamdlik ), independent of the east- 
ern school of anthropogeography. Its high value 
lies in its excellent description of Spain and [33] 
rare information on Central and Eastern Europe 
and North Africa, taken from sources otherwise 
lost.' 95 

In the field of historiography we shall men- 
tion al-Blruni’s book on India, which bears wit- 
ness to its author’s exemplary veracity, critical 
mind, keen observation and a remarkable cos- 
mopolitan openness and objectivity. Al-Blruni 
deals with the culture, religions and sciences of 
the Indians on the basis of his own research and 
observations made over many years while living 

' 9 ‘ Ali ibn Isa. Erinnerungsbuch fiir Augenarzte, iiber- 
setzt und erlautert von J. Hirschberg und J. Lippert, Leipzig 
1904 (reprint: Islamic Medicine, vol. 44), p. XXXVII. 

193 ibid, p. XXXVI; F. Sezgin, op. cit., vol. 3, p. 338. 

194 M ib gam ma sta‘gam min asma ’ al-bilad wa-l- 
mawddb , ed. Mustafa as-Saqqa, 4 vols., Cairo 1945-1951. 

195 This part bears the title Kitab al-Mugrib fi dikr 
bilad Ifriqlya wa-l-Magrib, ed. by William Mac Guckin 
de Slane, Algiers 1857 (reprint: Islamic Geography, vol. 
134), French translation ibid, Algiers 1913 (reprint: Islamic 
Geography, vol. 135). 
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in India. In the introduction, he states: 196 “This is 
not a polemical book but a plain factual report. I 
shall describe the theories of the Hindus as they 
are and in that connection mention similar theo- 
ries of the Greeks in order to demonstrate the 
relationship between the two.” Al-Blrunl’s book 
appears to stand in the tradition of the spirit we 
already encounter in the early Abbasid period 
(supra, p. 23) and which aims at getting to know 
foreign cultures and religions, a spirit that found 
expression in many travelogues, in the mas- 
terworks of al-Mas'udl (supra, p. 23), and in 
al-Blruni’s “Chronology of Eastern People”. Al- 
Biruni’s book on India marks an apex that — per- 
haps not only in Arabic-Islamic culture — could 
not be surpassed. 

In conclusion of this selection of outstanding 
achievements of the 5th/ nth century we shall 
mention the two extremely important works 
by ‘Abdalqahir b. ‘Abdarrahman al-Gurgani (d. 
471/1078) from the field of linguistics. These are 
his Kitab Dala'il al-bgaz and the Kitab Asrar 
al-balaga. In an excellent study of the former 
work, Max Weisweiler 197 pointed out that its au- 
thor attempts “to understand linguistic phenom- 
ena psychologically according to their cause, 
purpose and effect.” Al-Gurgani does not seem 
to have been aware that with his conceptions 
and examples he had created a stylistic gram- 
mar. In the next generation it already turned 
into a new branch of linguistics in the form of 
a systematically arranged textbook entitled c ilm 
al-ma ( ani .‘ 98 That al-Gurgani’s admirable ideas 

196 Kitab Tahqiq ma li-l-Hind min maqula maqbula fi 
l- c aql au mardula, ed. by Edward Sachau, London 1887 
(reprint Islamic Geography, vol. 105); translation of the 
quotation based on Max Krause, al-Biruni. Ein iranischer 
Forscher des Mittelalters, in: Der Islam (Berlin) 26/1942/1- 
15, esp. p. 13 reprint Islamic Mathematics and Astronomy, 
vol. 36. pp. 1-15). 

107 

' Abdalqahir al-CurcanVs Werk iiber die Unnach- 
ahmlichkeit des Korans und seine syntaktisch-stilisti- 
schen Lehren, in: Oriens 11/1958/77-121, esp. p. 79. 

198 cf. Udo Gerald Simon, Mittelalterliche arabische 
Sprachbetrachtung zwischen Grammatik und Rhetorik: 
Him al-ma‘dni bei as-Sakkaki, Heidelberg 1993, pp. 3-4. 



could not appear all of a sudden, but represent 
an already high standard achieved in the course 
of a long-term upward development requires, it 
is hoped, no further explanation. The achieve- 
ments preceding al-Gurgani are also quite well 
known today. 199 

While editing and translating 'Abdalqahir b. 
'Abdarrahman al-Gurgani’s second book enti- 
tled Asrar al-balaga (“The Secrets of Style”), 
Hellmut Ritter 200 discovered “a psychological 
foundation of aesthetic judgments on poetry.” 
This scholar, who spent some twenty-five years 
editing the book and translating it into German 
and who was undoubtedly one of the great- 
est connoisseurs of Arabic language and lit- 
erature, stressed the fact that to his knowledge 
something like that had “never before been at- 
tempted on Islamic [34] ground.” 201 At any rate, 
al-Gurgani in retrospect turns out a precursor 
of c ilm al-bayan which expanded, three to four 
generations later, into an independent branch of 
linguistics. 

The 6th/ 12th Century 

Returning to astronomy, we see that Ibrahim 
b. Yahya az-Zarqali, active around the turn of 
the 5th/ nth to the 6th/ 12th century in Muslim 
Spain, achieved a significantly more exact 
measurement of the proper motion of the Sun’s 
apogee than his predecessors. He arrived at 
a value of i° in 299 years for this motion, i.e. 
12.09" in one year, which approaches the cur- 
rent value of 11.46“ very closely. 202 This value 
and knowledge of the model developed in this 
connection by az-Zarqali reached Copernicus 
via two compilations, Theoricce planetarum 
by Georg Peurbach and Epitome by Johannes 

199 v. F. Sezgin, op. cit., vol. 9, p. 11. 

"°° Die Geheimnisse der Wortkunst ( Asrar al-balaga) 
des 'Abdalqahir al-Curcani. Translated from the Arabic, 
Wiesbaden 1959, p. 1. 

" OI H. Ritter, op. cit., p. 1.. 

202 v. G. J. Toomer, The solar theory of al-Zarqal. A 
history of errors, in: Centaurus (Copenhagen) 14/1969/306- 
336; F. Sezgin, op. cit., vol. 6, pp. 27, 43. 
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Regiomontanus. 20 ’ By means of comparison it 
has already been established that the tables used 
by az-Zarqall while formulating his solar theory 
and the corresponding tables found in De revo- 
lutionibus by Copernicus show general agree- 
ment in arrangement and organisation, leaving 
aside one minor deviation. 204 Johannes Kepler 
also learned of az-Zarqali’s observations for de- 
termining the Sun’s apogee. 205 Furthermore, it is 
assumed that there might be a connection be- 
tween Kepler’s concept of the Mars-orbit as an 
oval and az-Zarqali’s oval orbit of Mercury. 206 

A groundbreaking invention in the history of 
the astrolabe also bears az-Zarqali’s name. He 
replaced polar stereographic projection with 
horizontal projection, whereby the main body 
of the instrument was reduced to one single 
plate rather than appending separate plates for 
various geographical latitudes. This instrument, 
known in astronomical literature as saphaea or 
universal disc, later enjoyed wide circulation in 
Europe (infra II, 116 ff). 

Another astronomical instrument that ap- 
peared in the 6th/i2th century found wide dis- 
semination in Europe under the name torquetum. 
It was developed by the Andalusian astronomer 
Gabir b. Aflah (infra II, 154). He described the 
instrument in his work on the revision of the 
Almagest in which he criticises Ptolemy sharp- 
ly. It is well-known that this criticism of the 
Almagest 101 , which was translated into Latin by 
Gerard of Cremona, a contemporary of the au- 
thor, exerted considerable influence both on the 
subject itself and on mathematics (infra II, 12). 

The linear astrolabe of Sarafaddln al- 
Muzaffar b. Muhammad b. al-Muzaffar at-Tusi 
(d. after 606/1209) is yet another astronomical 
instrument invented at this time. In this instru- 
ment, called ( asa at-Tusi (“at-Tusi’s staff’) after 

205 v. F. Sezgin, op. cit., vol. 6, p. 43. 

204 v. ibid, vol. 6, p. 43. 

205 v. ibid, vol. 6, pp. 43-44. 

206 v. ibid, vol. 6, p. 44. 

207 v. ibid, vol. 6, pp.45, 93. 



its inventor, the projection of a planispheric as- 
trolabe is transcribed on a straight line drawn on 
a staff (infra II, 134 ff.). 

Meanwhile in theoretical astronomy, strong 
opposition against the Ptolemaic system of ce- 
lestial motions arose in the 6th/i2th century 
in Muslim Andalusia. The exponents of this 
criticism were mostly philosophers, namely 
Muhammad b.Yahya Ibn Bagga (d. 533/1 139), 
Muhammad b. ‘Abdalmalik Ibn Tufail [35] 
(d.5 8 1/1185), Muhammad b. Ahmad Ibn Rusd 
(d. 595/1198) and Ibn Tufail’s pupil, Nuraddin 
al-Bitrugi (ca. 600/1200). They found the prin- 
ciple of uniformity in planetary motions dis- 
turbed by the concept of eccentricity and epi- 
cycles and attempted to restore this basic prin- 
ciple by means of new models. The book of 
the last representative of this school of thought, 
Nuraddin al-Bitrugi, exercised a great and last- 
ing influence on western astronomy. Shortly af- 
ter the book had first appeared it already reached 
European countries beyond Spain in translation 
by Michael Scotus (d. ca. 1235). Like Ibn Tufail 
and Ibn Rusd, al-Bitrugi was convinced that the 
planetary orbits must run concentrically around 
the centre of the Earth and, like Ibn Rusd, he 
believed that they follow a spiral path around 
various axes (infra II, i2f.). 2 ° 8 

In the eastern part of the Islamic world, the 
above-mentioned Sarafaddln at-Tusi (d. after 
606/1209) played a pivotal role in the math- 
ematics of this epoch. With his book entitled 
al-Mu c adalat , 109 he had an important part in the 
process of the systematic treatment of equa- 
tions of the third order. He pursued ‘Umar al- 
Haiyam’s path, and his book gives an idea of 
the progress achieved in the mathematics of the 
Islamic world during the preceding century. This 
progress is apparent primarily in the fusion of 
arithmetical and geometrical traditions and the 

208 v. F. Sezgin, op. cit., vol. 6, pp. 36-37 

209 Sharaf al-Dln al-Tusi, oeuvres mathematiques: 
Algebre et geometrie au XII e siecle. Texte etabli et traduit 
par Roshdi Rashed, 2 vols., Paris 1986. 
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formulation and proof of a number of algebraic 
processes. 210 

From the western part of the Islamic world, 
I would like to mention once more the name of 
the Andalusian mathematician and astronomer 
Gabir b. Allah. Many historians of mathematics 
are of the opinion that the trigonometric chap- 
ter of his critical review of the Almagest exerted 
considerable influence on this discipline in the 
West. Thus Regiomontanus (1436-1476) in his 
De triangulis omnimodis is said to have used 
material from Gabir b. Aflah’s book. Whereas 
in the first books of this work, to quote Johannes 
Tropfke, 211 “he independently revised the results 
of his predecessors, in the fourth book he adopt- 
ed Gabir’s proofs almost verbatim.” In the his- 
tory of spherical trigonometry 212 one basic for- 
mula is called “Geber’s theorem” after him. It 
states that a right-angled spherical triangle can 
be calculated from a given side a and a given 
adjacent angle / 3 , which leads to the formula cos 
a = cos a sin / 3 . 

Concluding the description of mathematics 
of the 6th/ 1 2th century, a mathematician of the 
first order, Ahmad b. Muhammad Ibn as-Sarl 
b. as-Salah (d. 548/1153), shall be mentioned. 
He wrote a number of discourses devoted to the 
verification and criticism of the results of Greek 
and earlier Arab authorities. From a study by 
Matthias Schramm on one of those discourses, 
we learn that Ibn as-Salah was actually qualified 
for such a criticism and that his aim was his- 
torical justice; for instance, when reviewing the 



"'° J. L. Berggren, Innovation and tradition in Sharafal- 
Din al-TusVs al-Mu‘adalat, in: Journal of the American 
Oriental Society (Ann Arbor, Mich.) 110/1990/304-309, 
esp. p. 309. 

211 Geschichte der Elementar-Mathematik, 2nd ed., vol. 
5, p. 137; F. Sezgin, op. cit., vol. 5, p. 53. 

‘ ‘ A. von Braunmiihl, Vorlesungen iiber Geschichte der 
Trigonometrie, vol.i, Leipzig 1900, pp. 81-82; J. Tropfke, 
op. cit., vol. 5, pp. 131-132; A. P. Juschkewitsch, op. cit., p. 
304; F. Sezgin, op. cit., vol. 5, p. 53. 



criticism of his Arab predecessors on the Greeks, 
he sometimes refutes the former. 213 

[36] From the field of physics and technology 
we know at the present time at least two impor- 
tant works which document the high standard 
of those disciplines in the 6th/i2th century in 
the Arabic-Islamic culture area. They are Mizan 
al-hikma by ‘Abdarrahman al-Hazinl 214 (written 
515/1121) and al-Gamk bain al- c ilm wa-l- ( amal 
fi sina'at al-hiyal by Abu 1 -Tzz IsmaTl Ibn ar- 
Razzaz al-Gazari 215 (written around 600/1203). 

The title Mizan al-hikma promises a book 
about the “balance of wisdom”, but the content 
of the book goes far beyond that. Above all, the 
author extends and supplements al-Blruni’s re- 
sults on the determination of specific gravities. 
The balance mentioned in the title is constructed 
in such a way that it can achieve a precision of 
1/60000 (infra V, 5f). Al-Hazinl has a clear no- 
tion of the dependence of the specific gravity of 
water on temperature and interprets in this sense 
his observation that water put on his balance 
had a lower weight in summer than in winter. 
He also describes a special clepsydra built on 

‘' 3 Ibn al-Haythams Stellung in der Geschichte der 
Wissenschaften, in: Fikrun wa Fann (Hamburg) 3/1966,6/65- 
85, esp. p. 81. 

214 v. Nicolas Khanikoff, Analysis and extracts ofKitab 
Mizan al-hikma (Arabic in the original) “Book of the 
Balance of Wisdom ”, an Arabic work on the water-balan- 
ce, written by Khazini, in the twelfth century, in: Journal 
of the American Oriental Society (New Haven) 6/1860/1- 
128 (reprint in: Natural Sciences in Islam, vol. 47, pp. 1- 
128; Thomas Ibel, Die Wage im Altertum und Mittelalter, 
Erlangen 1908, pp. 73-162 (reprint in: Natural Sciences in 
Islam, vol. 45, pp. 77-166); C. Brockelmann, Geschichte 
der arabischen Litteratur, 1st suppl. vol., p. 902. The text 
was published in Hyderabad in 1940 from a manuscript 
kept in a mosque in Bombay (reprint in: Natural Sciences 
in Islam, vol. 47, pp. 219-510). 

215 The work, preserved in several manuscripts, was 
edited by Ahmad Y. al-Hasan, Aleppo 1979; Engl, transl. 
Donald Hill, The Book of Knowledge of Ingenious 
Mechanical Devices, Dordrecht and Boston 1974; facsimi- 
le edition of the manuscript, Ayasofya 3606, by Institut 
fur Geschichte der Arabisch-Islamischen Wissenschaften 
2002. 
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the principle of a balance with which minutes 
were measured (infra III, 117), and also an ar- 
eometer, which had already been known in late 
antiquity (infra V, 1 2 ff), for the determination 
of the specific gravity of liquids. 

Of great interest is al-Hazini’s knowledge 
that a body gains weight in thinner air and 
loses weight in denser air or when submerged 
in water. 216 The following idea of his is also 
remarkable: “Liquids occupy a larger volume 
in a container when the latter is closer to the 
centre of the Earth and a smaller volume when 
the container is farther removed from it.” 21 ’ In 
1890 E. Wiedemann found the same idea in 
Roger Bacon’s Opus majus 2lS and observed that 
the proofs of both authors are related, even if 
Bacon’s reasoning is “somewhat more laboured 
than the Arab’s”. 

Al-Hazini’s Mlzan al-hikma is a book of 
physics in the strict sense of the word; it im- 
parts to us a wealth of physical laws known to 
Arabic-Islamic scholars in the 6th/i2th century. 
The high quality of the description of the ex- 
periments reminiscent of Ibn al-Haitam’s and 
al-Blrunl’s time is remarkable, and also the 



v. Mlzan al-hikma, ed. Khanikoff, p. 68 (reprint 
p. 68); ed. Hyderabad p. 69 (reprint p. 414); E. Gerland, 
Geschichte der Physik. Erste Abteilung: Von den dltesten 
Zeiten bis zum Ausgange des achtzehnten Jahrhunderts, 
Munich and Berlin 1913 (= Geschichte der Wissenschaften 
in Deutschland. Neuere Zeit., vol. 24) p. 175. 

217 Mlzan al-hikma, ed. Khanikoff, p. 38 (reprint p. 
38); ed. Hyderabad, p. 25 (reprint p. 484); E. Wiedemann, 
Inhalt eines Gefafies in verschiedenen Abstanden vom 
Erdmittelpunkte nach Al Khazini und Roger Baco, in: 
Annalen der Physik (Leipzig) 39/1890/319 (reprint in: 
Gesammelte Schriften, vol. 1, p. 41); idem, Inhalt eines 
Gefafies in verschiedenen Abstanden vom Erdmittelpunkt, 
in: Zeitschrift fur Physik (Braunschweig and Berlin) 
13/1923/59-60 (reprint in: Natural Sciences in Islam, vol. 
47, PJ>- 217-218). 

The ‘Opus majus’ of Roger Bacon, ed. John H. 
Bridges, London 1900 (reprint Frankfurt 1964), vol. 1, pp. 
I 57' I 59i Engl, transl. Robert B. Burke, Philadelphia 1928, 
vol. 1, pp. 179-180 



fact that he uses the experiment as a systematic 
means for research. 

[37] The second of the books mentioned was 
written by the otherwise unknown Ibn ar-Razzaz 
al-Gazarl upon commission by the local ruler 
of Amid Nasiraddin Mahmud b. Muhammad 
b. Qara’arslan (r. 597/1200-619/1222), and was 
completed two years after the latter’s accession 
to power. Several manuscripts of the book with 
illustrations in colour have come down to us. It 
is without doubt the most beautiful of the ex- 
tant works in the field of mechanics. The author 
mentions amongst the contents of his book “wa- 
ter driven machines for equinoctial and tempo- 
ral hours” and devices used for “moving bodies 
from their natural position by means of [other] 
bodies”. He describes fifty machines and de- 
vices in all clarity from the point of view of an 
engineer and provides them with fifty complete 
and about a hundred partial drawings of such 
quality that one can reconstruct the machines 
without any substantial problems. 

This book, originating in the eastern part of 
Asia Minor under the adverse political condi- 
tions of those times when the war against the 
crusaders impeded communication amongst the 
people and the exchange of books and knowl- 
edge between the countries of the Islamic world, 
probably does not reflect the state-of-the-art 
reached by Arabic-Islamic technology at that 
time or even in general. It is a book compiled by 
a capable engineer according to his talents and 
his understanding on the basis of his knowledge 
of the sources and within the bounds of the con- 
ditions of his environment. For instance, when 
the conical valve for regulating the water level 
in hydraulic devices appears for the first time 
in al-Gazari’s book, this is no sufficient reason 
to consider him its inventor. 219 Incidentally, this 
type of valve was not known in Europe until the 
1 8th century. Whether it reached the West from 
the Arabic-Islamic area or whether it developed 



219 



v. the introduction to our facsimile edition, p. VIII. 
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again independently remains a matter of specu- 
lation. 220 

As far as al-Gazarfs own creative contribu- 
tion to his book is concerned, we can only as- 
sume — as long as the research in the history of 
technology in Arabic-Islamic culture does not 
yet stand on firm ground and its position in the 
universal history of science has not yet been suf- 
ficiently cleared up — that some of the inventions 
described in his book are his own. 221 At any rate, 
it is an historic document of high cultural and 
scientific standards, so much can be said with 
certainty. It provides unique material on tech- 
nical instruments and devices, about their con- 
struction and the materials used. Thus the book 
contributes fundamentally to the understanding 
of the general history of technology, although 
it is possibly not representative of the standard 
attained in the Islamic world in general. Some 
of the machines described show affinity to such 
which later appear in European books on me- 
chanical devices and automata, even though 
there does not seem to be a direct connection. 

The most important achievement of the 6th/ 
1 2th century in the field of geography is the work 
by Abu ‘Abdallah Muhammad b. Muhammad 
b. ‘Abdallah al-Idrlsi, a descendant of Idris II 
who ruled in Malaga during the years 1042-47 
and 1054-55 CE. This nobleman from the west- 
ern part of the Islamic world came to Palermo 
either as a traveller or as a guest of the Norman 
king Roger II (r. 1 1 30-1 154). There he prepared, 
during his stay of many years, upon commis- 
sion by his host, a circular world map on [38] a 
silver disc, 70 regional maps and a book entitled 
Nuzhat al-mustaq fi htiraq al-afaq on the geog- 
raphy of the world. For the succeeding king, 
Guillaume I (r. 1154-1166) he abridged his book 
under the title Uns al-muhag wa-raud al-furag 

220 v. Otto Mayr, The Origins of Feedback Control, 
in: The Scientific American (New York) 223/1970/111-118, 
esp. 114; D. R. Hill, The Book of Knowledge of Ingenious 
Mechanical Devices, op. cit., p. 279. 

221 v. the introduction to our facsimile edition, p. 
VIII-IX. 



with 72 regional maps. In the year 1160 CE., the 
circular silver world map (Tabula Rogeriana) 
was smashed to pieces by rebels and divided 
amongst themselves. 

The world map and some of the sectional 
maps survive as the final product of multiple 
copying in a number of manuscripts of the geo- 
graphical work. The question of how al-Idrlsi 
was able to create these maps, and the ques- 
tion of the importance of the entire work for 
the history of geography, were discussed for a 
long time and found widely differing answers. 
In the discussion of the map it was almost al- 
ways assumed that al-Idrlsi must have used the 
Ptolemaic world map as his model. The world 
map and several regional maps by the geogra- 
phers of Caliph al-Ma’mun (r. 198/813-218/833) 
could of course not be taken into account, as they 
were rediscovered only about twenty years ago. 
While referring to the detailed discussion of this 
question in volumes 10 and 1 1 of my Geschichte 
des arabischen Schrifttums and to the yet un- 
published manuscript of the volume on anthro- 
pogeography, I will state my view very briefly 
here: The Ptolemaic Geography itself actually 
consists of an instruction for drawing maps and 
as such most probably did not include any maps. 
The maps attributed to Ptolemy were recon- 
structed around the turn of the 13 th to the 14th 
century CE by the Byzantine Maximos Planudes 
on the basis of the coordinates from Ptolemy’s 
book and probably by consulting the world map 
of the Ma’mun geographers. 222 Today we have 
evidence that al-Idrlsi used the Ma’mun map as 
his model. Leaving aside certain obvious errors 
and deviations, such as the omission of the grat- 
icule which was erroneously replaced by lines 
of equal distance meant to represent the seven 
climates, the Idrisi map surpasses its model in 
various respects. Thus Europe, in particular the 
Mediterranean area, is represented more ac- 
curately, North-East Asia has been completely 
revised, and Central Asia with its systems of 

222 v. F. Sezgin, op. cit., vol. 10, pp. 50 - 57. 
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lakes and rivers also has been developed further. 
Hence the question arises how a geographer in 
Sicily in those days could have accomplished 
this cartographic survey, which in fact required 
work to be carried out locally and for genera- 
tions. In fact, I believe that the results of such 
work reached al-ldrisl in the form of a book 
supplied with maps. The work written by one 
Hanah (Gagan or Ganah) b. Haqan al-Klmaki 
is mentioned by al-Idrisi 223 amongst his sourc- 
es. Apparently, this geographical-cartographi- 
cal work by a prince of the Kimak-Turks was 
based on a long-term collection of data, gath- 
ered locally in the tradition of Arabic-Islamic 
cartography. The shape of North and North-East 
Asia in al-Idrisi’s map, which is completely new 
compared with the map of the Ma’mun geogra- 
phers — not to mention the so-called Ptolemaic 
maps — appears in most western world maps 
until the 1 8th century. As far as I am aware, no 
historian of geography has as yet asked him- 
self from where this depiction of Asia in those 
Western maps originated. 

In my opinion, al-Idrisi’s world map, despite 
its shortcomings, allows us to trace the develop- 
ment of cartography since the appearance of the 
Ma’munian map in the Arabic-Islamic culture 
area [39] and, furthermore, it helps us find an 
answer to the old question concerning the origin 
of the so-called portolan-maps and their “sud- 
den emergence” amongst European navigators 
and cartographers at the turn of the 13 th to the 
14th century. 

However, this high estimation of al-Idrisi’s 
world map from the viewpoint of the history 
of cartography presupposes the clarification of 
one fact. The circular world map which sur- 
vived in several manuscripts of his Geography 
and which had suffered from repeated copying 
was known only to a few arabists prior to the 
appearance of the commendable work Mappae 

22j Nuzhat al-mustaq, in: al-Idrisi. Opus geographicum, 
ed. A. Bombaci et al., Naples and Rome 1970-1984, vol. 1, 
p. 5; F. Sezgin, op. cit., vol. 10, p. 349. 



arabicae 114 ( 1926-1931) by Konrad Miller. In 
his book Miller published the surviving copies 
of the circular world map, the sectional maps 
and a world map reconstructed by him after the 
sectional maps. In spite of al-Idrisi referring to 
his world map as being circular and although 
its copies as preserved in various manuscripts 
are, indeed, all circular, Miller was convinced 
that the world map must have been rectangular 
(infra III, 28) and consequently felt justified in 
reconstructing the missing original by patching 
together the seventy rectangular sectional maps. 
The orthogonal world map thus reconstructed 
found wide distribution, even though not only 
is the north depicted as wide as the regions of 
the equator, which distorts the cartographic im- 
age, but also the configuration of northern Asia 
and Africa is obscured completely. Only a few 
people would be aware that this map was re- 
constructed by Miller using al-Idrisi’s sectional 
maps, while the world map found in al-Idrisi’s 
book itself is circular and substantially different 
from the one in circulation. With the aid of elec- 
tronic data-processing, we have attempted to 
graduate the sectional maps orthogonally and to 
transform them into a stereographic projection, 
occasionally making reference to the extant cir- 
cular world map. We believe that the resulting 
map gives a better idea of al-Idrisi ’s intentions 
and hence published it as a poster. 

As regards the text of al-Idrisi’s book, we 
can say that through his Arabic sources we 
gain much information about the geography of 
European countries. The parts concerning Sicily, 
Italy, France, Germany, the Scandinavian and 
Slavonic countries and the Balkans have conse- 
quently been made the subject of detailed stud- 
ies by arabists. 225 

22A 

Mappae arabicae. Arabische Welt- undLanderkarten 
des 9. - 13. Jahrhunderts in arabischer Urschrift, latei- 
nischer Transkription und Ubertragung in neuzeitliche 
Kartenskizzen. Edited with introduction by Konrad Miller. 
6 volumes. Stuttgart 1926-1931 (reprint: Islamic Geography, 
vols. 240-241). 

225 Most of these studies were collected at the Institut 
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Meanwhile, in the field of philosophy a new 
school of thought developed, known as falsafat 
al-israq. Its founder was Sihabaddln Yahya b. 
Habas as-Suhrawardi (d. 578/ 1 1 9 1). The basis of 
his new philosophical system was a metaphysic 
of light. “Being and non-being, substance and 
accidence, cause and result, thought and feeling, 
soul and body, he explains all through his doc- 
trine of Ishrat, he regards everything that lives 
or moves or exists as light and even his proof for 
the existence of God is based on this symbol.” 226 
In the area of philology an increasing in- 
terest in terminologies and foreign languages, 
and in the investigation of foreign elements 
in Arabic, is apparent in this century — a trend 
not without precursors in the preceding centu- 
ries. As an example we may refer to the botany 
by the above-mentioned al-Idrlsi, his al -Gami‘ 
li-sifat astat [40] an-nabat wa-durub unwed al- 
mufradat . 117 For the more than 1200 drugs men- 
tioned, 22S he compiled “thousands of synonyms 
from about a dozen languages.” 229 Abu Mansur 

fiir Geschichte der Arabisch-Islamischen Wissenschaften 
in Frankfurt and reprinted as: Islamic Geography, vols. 
2-8. 

v. van den Bergh, as-Suhrawardi, in: Enzyklopadie 
des Islam, vol. 4, Leiden and Leipzig 1934, pp. 547-548. 

227 Facsimile edition, Frankfurt, Institut fur Geschichte 
der Arabisch-Islamischen Wissenschaften, 3 vols, 1995. 

228 

Max Meyerhof, Uber die Pharmakologie und 
Botanik des arabischen Geographen Edrisi, in: Archiv 
fiir Geschichte der Mathematik, der Naturwissenschaften 
und der Technik (Leipzig) 12/1930/45-53, 236, esp. p. 51 
(reprint in: Islamic Medicine, vol. 96, pp. 59-68, esp. 
p.65); idem, Die allgemeine Botanik und Pharmakologie 
des Edrisi , in: Archiv far Geschichte der Mathematik, 
der Naturwissenschaften und der Technik (Leipzig) 
12/1930/225-236, esp. p. 226 (reprint in: Islamic Medicine, 
vol. 96, pp. 69-80, esp. p. 70). 

229 al-Idrisi possibly took al-Biruni as a model, who 
cites in his book of drugs, Kitab as-Saidana , names for 
many drugs in about ten languages, amongst them “al- 
most always Greek, Syriac, Persian, Indian, but often 
also Hebrew and the languages of Central and South 
Asia (Khwarezmian, Balkhian, Tokharian, Zabulian, 
Sijistanian, Sindhi, among others),” see M. Meyerhof, 
Das Vorwort zur Drogenkunde des Beruni, in: Quellen 



Mauhub b. Ahmad al-Gawallql, a philologist 
from Baghdad 230 (d. 539/1 144) devoted one of 
his books to foreign and loan words in Arabic 
( Kitab al-Mu c arrab). In a relatively extensive 
Arabic-Persian dictionary entitled as-Sahifa 
al- c adra \ 231 which has so far remained quite un- 
known, one Muhammad b. c Umar an-Nasafi 232 
(6th/i2th c.) compiled material from the related 
works of two predecessors, the Kitab al-Masadir 
by al-Husain b. C A 1 I az-Zauzani 233 (d. 486/1093) 
and the Kitab as-Saml fi l-asaml as well as al- 
Hadi li-s-sadi by Ahmad b. Muhammmad b. 
Ahmad al-Maidanl 234 (d. 5 1 8/1 1 24). 235 

Finally the progress made during the 6th/ 
1 2th century in the field of military technology 
shall be mentioned. A book brought to the atten- 
tion of the interested public in 1948 by Claude 
Cahen yields valuable information on this mat- 
ter, rendering various theories and assumptions 
by historians of this subject obsolete. This book, 
entitled Tab sir at arbab al-albab , was written 
under the Ayyubid Sultan Salahaddln (Saladin, r. 
569/1174-589/1193), by Murdab. c AlIb. Murda 
at-Tarsusi (infra V, 94 passim). Amongst other 

und Studien zur Geschichte der Naturwissenschaften und 
der Medizin (Berlin) 3/1933/157-208, esp. p. 170 (reprint in: 
Islamic Medicine, vol. 96, pp. 171-240, esp. p. 184). 

230 v. C. Brockelmann, Geschichte der arabischen 
Litteratur, vol. 1, p. 280, suppl. vol.i, p. 492. 

231 The only manuscript known to me is in Istanbul, 
Topkapi Sarayi, III. Ahmet 2707 (649 H.), v. the catalogue 
by F. E. Karatay, vol. 4, p. 29. 

232 Judged by the type of blessing formula which fol- 
lows the name az-Zauzani and the absence of a blessing 
formula in the case of al-Maidani, an-Nasafi appears to 
have been a younger contemporary of the latter. 

233 v. C. Brockelmann, op. cit., vol. 1, p. 288, suppl. vol.i, 
p. 505. 

h4 v. ibid., vol. 1, p. 289, suppl., vol. 1, pp. 506-507. 

I do not take into account the book Muqaddimat 
al-adab by Mahmud b. c Umar az-Zamahsari (d. 538/1144) 
as an Arabic-Persian dictionary of the 6th/i2th century. 
The Persian, Turkish and Mongolian glosses which are 
available in various manuscripts seem to be later inter- 
polations, see Heinz Grotzfeld, ZamahsarVs muqaddimat 
al-adab, ein arabisch-persisches Lexikon ? in: Der Islam 
(Berlin) 44/1968/250-253. 
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things, this book describes a ballistic crossbow 
(qaus az-ziyar ) said to be the largest, the far- 
thest in reach and the most effective ever made. 
A geared winch mechanism allowed for its large 
bow, made of several layers of wood and horn 
glued together, to be drawn by merely one or two 
men (instead of about twenty). In the 13th cen- 
tury this type of crossbow also started to appear 
in the West. This probably kindled Leonardo da 
Vinci’s fantasy, who drew a gigantic specimen 
of such a weapon (infra V, 119). It seems that 
the crusade invasions gave the impulse for the 
Muslims of Syria and Egypt to search for the 
most effective means of defence possible. The 
process of developing such weaponry continued 
into the 7th/i3th and 8th/i4th centuries. 

[41] The 7 th/ 13 th Century 

In all branches of science, the 7th/ 13 th centu- 
ry provides evidence of creativity in the further 
development of those disciplines that were cul- 
tivated in the preceding century. Yet it is char- 
acteristic of this century that the subject matters 
inherited from earlier generations were as far as 
possible subjected to systematization. They were 
established for the first time as strictly defined 
disciplines or revised in order to account for the 
progress made in the course of time. To begin 
with, we may say that the last-mentioned type of 
continuation process offers its best examples in 
Naslraddln at-Tusi’s revisions ( tahrlr ) of impor- 
tant works by Greek and Arabic scholars. 

An unfortunate opinion, brought into circu- 
lation at some point or other in complete igno- 
rance of the history of Arabic-Islamic science 
and contradicting historical facts, states that this 
century already carried in it the beginnings of 
stagnation. The opposite is true. 

The progress made in the theoretical branch 
of astronomy shows itself in the attempts to 
reform the Ptolemaic planetary models (supra, 
p. 25), once started by Ibn al-Haitam and Abu 
c Ubaid al-Guzaganl. In order to restore the prin- 
ciple of uniform circular motion in the orbits — a 
principle that Ptolemy had violated with the in- 



troduction of the equant into his planetary mod- 
el — Naslraddln at-Tusi made a ground-breaking 
attempt. In his model he retains the centre of the 
equant, so that the length of the eccentricity is 
equal to the diameter of the epicycle, while the 
mid-point of the eccentricity becomes the centre 
of the deferent, along which the centres of the 
epicycles of planets move from the east to the 
west, covering the same distances (towards the 
east) in the same periods. Naslraddln eliminates 
the resulting violation of the uniformity of mo- 
tion by introducing a model of double epicycles 
in which a smaller circle (with a radius equal to 
half of the radius of the larger circle and there- 
fore half of the length of the eccentricity) rotates 
inside a larger circle (between its centre and the 
circumference) in the opposite direction from 
west to east. 236 Naslraddln bases his model on 
an original lemma which states: 237 “In a circle, 
let a small circle roll. If its radius is half that 
of the large circle, then any point on the small 
circle, while rolling, describes a diameter of the 
large circle.” 238 This theorem appears later in the 
works of Copernicus (d. 1543), Ludovico Ferrari 
(d. 1565) and Philippe de La Hire (d. 1718). 239 

Shortly after Naslraddln at-Tusi, Mifaiyad- 
addin al-'Urdi (fl. before 670/1272) and 
Qutbaddin as-SlrazI (d. 710/13 11) developed 
two new models resembling each other to a 
large extent, where the younger scholar seems 

236 F. Sezgin, op. cit., vol. 6, p. 35 

237 v. at-Tadkira fi dim al-hai'a, MS Paris, Bibliotheque 
nationale, ar. 2509, fol. 37b-38a; French transl. by Bernard 
Carra de Vaux, Les spheres celestes selon Nasir-Eddin 
Attusi, in Paul Tannery, Recherches sur Vhistoire de 
Vastronomie ancienne, Paris 1893, appendice VI, pp. 
337-361, esp. p. 348 (reprint in: Islamic Mathematics and 
Astronomy, vol. 50, pp. 161-185, esp. p. 172). 

238 M. Curtze, Nodi einmal iiber den de la Hire zu- 

geschriebenen Lehrsatz, in: Bibliotheca Mathematica 
(Berlin) 9/1895/33-34: M. Cantor, Geschichte der 

Mathematik, op. cit., vol. 1, p. 780; J. Tropfke, Geschichte 
der Elementar-Mathematik, vol. 4, 2nd ed. Berlin and 
Leipzig 1923, p. 126. 

239 J. Tropfke, op. cit., vol. 4, p. 126. 
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to be depend-ent on the older. This resulted in 
an interesting model for Mercury. 240 

Amongst the most remarkable achievements 
of the 7th/ 1 3 th century in the field of astrono- 
my ranks the foundation of the observatory at 
Maragha south-east of the Lake Urmiya. The 
project was accomplished under the leadership 
of Naslraddin at-Tusi between ca. 657/1259 
and 668/1270 upon [42] commission of Hiilagu, 
founder of the western Mongol empire, by a 
group of astronomers who originally worked 
in Baghdad and Syria. With a main building 
planned in large scale for the purpose of astro- 
nomical observation and with large instruments, 
some of which built for the first time, this under- 
taking was of epochal importance in the history 
of observatories in the Arabic-Islamic culture 
area. We can trace its after-effects not only in 
the Islamic world until the 1 6th century but also 
in Europe, where they began in the middle of 
the 1 6th century. 

The spirit of logical systematization and 
elaboration of the work accomplished by the 
predecessors is characteristic of this century. 
One of the most significant examples of this is 
provided by Naslraddin at-Tusi in his Kitab as- 
Sakl al-qatta c with which he established trigo- 
nometry as an independent discipline. For a 
long time this achievement had been credited to 
J. Regiomontanus, until, towards the end of the 
1 9th century, A. von Braunmuhl pointed out the 
facts of the matter (infra III, 135T). The polar 
triangle, or supplementary triangle, a basic ele- 
ment of spherical trigonometry which appears in 
Europe for the first time in the work of Fran?ois 
Viete (1540-1603), goes back to Naslraddin as 
well. Although it had already been introduced 
by Abu Nasr b. ‘Iraq, it was Naslraddin who 
gave a first clear description of it. 241 

240 v. The astronomical work of MiTayyad al-Din al- 
‘Urdl. A thirteenth century reform of Ptolemaic astronomy. 
Kitab al-Hay’ah, ed. by George Saliba, Beirut 1990 

241 v. F. Sezgin, op. cit., vol. 5, pp. 57 ff. and infra III, 
133 ff. 



A revision of Euclid’s Elements not iden- 
tical with the one by Naslraddin at-Tusi but 
most probably going back to his century, was 
published in Rome in the year 1594 as a work 
by at-Tusi. It, too, betrays the spirit specific to 
the Arabic-Islamic science of the 7th/ 13 th cen- 
tury and strongly influenced the subsequent 
generations of mathematicians. In the chap- 
ter Geometry of this catalogue (infra III, 127), 
at-Tusi’s role in connection with the further 
development of the theory of parallels, which 
in the 18th century led to non-Euclidian geom- 
etry, will be mentioned; besides this, mention 
must be made here of his contribution to the 
theory of compound ratios. His theory of the 
“Measurements of Proportions” reappears in the 
“Denominations of Proportions” by Gregorius a 
Sancto Vincentio (1584-1667). 242 

The achievements of the same century in 
the field of mathematical geography were pro- 
digious both in quantity and quality, and were 
often of ground-breaking significance. 

In the western part of the Islamic world, Abu 
1 -Hasan al-Marrakusi (b. around 600/1203, d. 
ca. 680/1280) described a method for establish- 
ing the time difference between localities and 
thereby their longitudinal difference through the 
altitude of fixed stars above the eastern or west- 
ern horizon, to be measured with an astrolabe. 243 
Al-Marrakusi also described a procedure which 
enables the solution of this problem without the 
use of the astrolabe. The problem and its solution, 
described in the 10th volume of my Geschichte 
des arabischen Schrifttums, involves in its most 
general form the calculation of the hour-angle of 
a star from its altitude and azimuth, the rotation 

242 v. A. P. Juschkewitsch, op. cit. p. 255; F. Sezgin, op. 
cit., vol. 5, p. 58. 

243 Abu 1 -Hasan al-Marrakusi, Gami c al-mabadT wa-l- 
gayat, facsimile edition Frankfurt 1984, vol.i, pp. 153-154, 
160; C. Schoy, Langenbestimmung und Zentralmeridian 
bei den dlteren Volkern, in: Mitteilungen der K.K. 
Geographischen Gesellschaft Wien 58/1915/25-62, esp. pp. 
39-43 (reprint in: Islamic Geography, vol. 18, pp.36-71, esp. 
pp. 48-52); F. Sezgin, op. cit., vol. 10, p. 170. 
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of the celestial dome from its transit through the 
meridian, and the declination. 244 

[43] Yet neither the method of determining 
the hour-angle nor the use of spherical trigonom- 
etry for the determination of longitudinal differ- 
ences appear for the first time in al-Marrakusi’s 
writings. Al-B Irani had already placed the rules 
for the spherical triangle, discovered by his 
teachers, in the service of mathematical geogra- 
phy. Amongst subsequent generations we find — 
tangibly for us in the case of al-MarrakusI — a 
further development in which all trigonometric- 
astronomical tools are improved in a system- 
atic manner for a precise determination of local 
time through the observation of fixed stars. This 
technique of astronomical observation, in which 
correct ascensions and declinations increasingly 
come to the fore as a system of reference, is en- 
countered in the West with Tycho Brahe in the 
second half of the 16th century. 245 

It seems that Abu 1 -Hasan al-MarrakusI ac- 
tually applied the special case of determination 
of longitude in question for geographical pur- 
poses. He left us a table of coordinates compris- 
ing about 130 localities. The importance of this 
table for the history of geography lies in the fact 
that it contains corrected latitudes and much 
improved longitudes of coastal towns of the 
Mediterranean and of further localities on the 
Iberian peninsula and in Northern Africa; from 
these it can be established that the length of the 
Mediterranean — with an improvement of about 
1 9 0 as compared to Ptolemy’s geography and of 
about 8° compared to the result of the Ma’mun 
geographers — approaches the modem value up 
to 2 0 or 3 0 ; the longitudinal difference between 
Toledo and Baghdad found as 5 i°3o' also shows 
a similar far-reaching improvement. 

It goes without saying that such a profound 
improvement of the coordinates of a vast geo- 
graphical area stretching from Spain to Baghdad 
could not possibly have been achieved by a sin- 

244 v. F. Sezgin, op. cit., vol. 10, pp. 168-171 

245 v. F. Sezgin, op. cit., vol. 10, p.171. 



gle person and not even in one single generation. 
Abu 1 -Hasan al-Marrakusi indeed makes no 
such claim. On the contrary, he points out that 
he marked his own coordinates with red ink in 
his autograph in order to distinguish them from 
older ones. 246 In the middle of the 19th century, 
the geography historian Joachim Lelewel 247 rec- 
ognised the significance of these corrections and 
described them as a “reform of geography”. He 
noticed that through the “extremely useful op- 
eration” Spain lost its “disproportionately large 
dimension” found in earlier cartography, where- 
by “the sides of Africa were pressed southwards 
while a large part of Spain moved north and 
protruded westwards.” Through al-Marrakusfs 
corrections, all the localities in the Maghrib are 
raised in latitude and thus given their actual po- 
sitions. 

It seems to be adequately documented to- 
day 248 that the beginnings of astronomical-geo- 
graphical attempts at mathematically surveying 
as much of the areas west and east of Baghdad 
as possible took place in the first half of the 5 th 
century, independently from one another. One 
of the consequences of the measurements taken 
in the western areas was that the prime merid- 
ian passing through the Canary Islands, which 
was adopted from Marinus/Ptolemy, had to be 
shifted westwards by i7°3o', i.e. to 28°3o' west 
of Toledo in the Atlantic Ocean. After this cor- 
rection of the longitudes in the western part 
of the Islamic world, the corrected values for 
Rome and Constantinople appear in one of the 
oldest surviving tables as 45°25' and 59°5o' re- 
spectively. Subtracting 28°3o' from both (Rome 
i 6 ° 5 o'; Constantinople 3i°2o'), these values are, 
compared to the modem ones (Rome i 6 ° 3 o'; 
[44] Istanbul 32°57') merely 20' too large or 
i°37' too small respectively. The longitude of 
Baghdad was now established at 8o° with a dif- 

246 v. F. Sezgin, op. cit., vol. 10, p.171. 

247 Geographie du moyen age, vol. 1, Brussels 1852, p. 
138; F. Sezgin, op. cit., vol. 10, p. 172. 

248 v. F. Sezgin, op. cit., vol. 10, p. 154-167. 
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ference of 5 i°3o' to Toledo and a distance of io° 
to the central meridian in the east: 249 
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In his book Asie centrale (1843) Alexander 
von Humboldt pointed to the fact that the du- 
plicate prime meridians are also mentioned in 
the tables of the Libros del saber de astronomia 
(compiled between 1262 and 1272 CE upon 
commission of Alfons of Castile). 250 We are in 
the position today to demonstrate that tables 
prepared according to both prime meridians 
found their way into Europe beyond Spain from 
the first half of the 1 2th century. At first those ta- 
bles appeared slowly, but later, from around the 
beginning of the 14th century into the 18th cen- 
tury, started to mushroom and amount to several 
hundred; upon examination they turn out to be 
either corrupt copies or mixed tables derived 
from various Arabic originals which contained 
data according to either of the two prime merid- 
ians and which in turn sometimes still drew on 
Ptolemaic tables. 251 

We may also refer to the fact, dealt with 
at length in the Geschichte des arabischen 
Schnfttums lz '\ that European graduated world 
maps from the second decade of the 16th cen- 
tury up to the 1 8th or even 19th century betray 
a dependence on longitudes gleaned from either 
one type or a mixture of Arabic tables. Yet we 
must stress that this statement does not imply 
that those maps were drawn by Europeans ac- 
cording to coordinates found in Arabic tables. 
They are copies or compilations of maps of un- 
equal quality that where occasionally brought to 
Europe from the Arabic-Islamic world. 

249 v. F. Sezgin, op. cit., vol. 10, p. 162. 

250 v. C. Schoy ,LangenbestimmungundZentralmeridian 
bei den alteren Volkern, op. cit. p. 54 (reprint, op. cit. p. 
63); F. Sezgin, op. cit., vol. 10, pp.162, 213. 

2CI 

v. F. Sezgin, op. cit., vol. 10, pp. 205-267. 

252 vol. 11, pp. 85-154. 



The substantial corrections of longitudes 
in the area between the western border of the 
oikoumene and Baghdad which were achieved 
by geographers and astronomers of the western 
school of Islamic science from the 5th/nth cen- 
tury onwards, at first escaped most eastern Arab 
scholars. Although in a few tables from the east- 
ern part of the Islamic world such corrections 
are found even in the 5th/nthcentury, 253 they 
are restricted to places located west of Baghdad. 
No serious attempt at unification of the correc- 
tions of the longitudes to the west as well as to 
the east of Baghdad obtained since the middle 
of the 5th/nth century, i.e. to transform also 
the eastern longitudes counted from Baghdad 
according to the prime meridian 2 8 “3 o' west of 
Toledo, was made for almost three centuries. 

This breakthrough, revolutionary for the his- 
tory of cartography, finally occurred as a result 
of the collaboration of the “eastern” astronomer 
Naslraddln at-TusI and a scholar from the west, 
Muhyiddin Yahya b. Muhammad b. Abi s-Sukr 
al-Magribl (d. ca. 680/1281) shortly before 
670/1272 at the newly founded observatory of 
Maragha. The integration of longitudes was car- 
ried out consistently in the astronomical tables 
of the two scholars, namely, the az-Zlg al-Ilhani 
and the Adwar [45] al-anwar mada d-duhur wa- 
l-akwar . 254 

Considering that the extensive comparative 
geographical tables of places by Abu 1 -Fida’ 
IsmaTl b. C A 1 I (d. 732/133 1) do not yet include 
the substantial corrections on the area west of 
Baghdad, we are indeed justified in calling the 
integration of the coordinates as achieved in 
Maraga a revolutionary breakthrough in the his- 
tory of cartography. The scope of this project is 
illustrated by two examples. The longitudinal 
difference between Toledo (28°3o') and Ghazna 

253 v. ibid., vol. 10, p. 164. 

254 v. F. Sezgin, op. cit., vol. 10, pp. 177 ff. Traces of in- 
consistent integration are found, for example, in the tables 
of Kusyar b. Labban (1st half 5th/nth c.), in the anony- 
mous Dastur al-munaggimln (2nd half 5th/nth c.) and in 
the works of Abu 1 -Hasan al-Marrakusi. 
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(io4°2o') is reduced to 75°5o' with a relatively 
minor error of 3 °2 8' as compared with the mod- 
em value of 72°22'. The difference between 
Rome (45°27') and Daibul in India (io2°3o') is 
57°03' with an even smaller error of i° 48' com- 
pared to the modem value of 55°i5'. Only from 
the 19th and 20th century did European cartog- 
raphers gradually succeed in correcting these 
longitudinal differences further. 

The first world maps drawn according to 
the fundamentally corrected coordinates were 
presumably produced as early as in the second 
half of the 7th/ 13 th century. There is evidence 
leading to such an assumption involving a pres- 
ently lost manuscript which perhaps was an au- 
tograph of the astronomical at-Tadkira fi l-hai'a 
by Naslraddln at-Tusi which appears to have 
contained such a world map. A copy 255 drawn 
after the original by Joseph Needham 256 and 
published in 1959, though a mere sketch, shows 
a basic depiction of the oikoumene surrounded 
by the ocean, which is more advanced than that 
on the Ma’munian world map and the one by al- 
Idrisi; this includes the fact that the west-eastern 
extension of the oikoumene is considerably re- 
duced. 257 

According to a report 258 found in an historic 
work from the turn of the 7th/i3th to the 8th/ 
14th century to which historians of cartography 
have failed so far to pay any attention, a world 
map was drawn upon a papier-mache globe at 
the Baghdad observatory under Naslraddln at- 
Tusi in the year 664/1265. This agrees with a 
passage in the Records of the Yuan-dynasty by 
Song Lian (1310-1381 CE) referring to astro- 
nomical instruments imported into China from 
the West (i.e. the Central Asia). It describes six 
astronomical instmments and a terrestrial globe 
which were presented in the year 1271 (i.e. three 



‘ 55 Science and Civilisation in China, vol. 3, London, 
New York, Melbourne 1959, p. 563. 

256 v. F. Sezgin, op. cit., vol. 12, p. 36, map no. 15. 

2C7 

v. ibid, vol. 10, pp. 138 ff., 310. 

258 v. ibid, vol. 10, pp. 310-311. 



years before Naslraddln at-Tusi died) by one 
Gamaladdin to the Mongol sovereign Qubilai 
Han. The terrestrial globe is said to have been 
made of wood, the ‘seven waters’ on it drawn 
in blue-green and the three continents with their 
rivers, lakes etc. are said to have been drawn 
‘bright’ (white). ‘Small squares’ are said to have 
been marked in such a way that it was possible 
to calculate the size of regions and the distances 
of all routes. 259 Those ‘small squares’ doubtless 
refer to the network of meridians and parallels 
of a graticule. We may also mention that the en- 
voy Gamaladdin has been identified as the first 
director of the observatory founded by Qubilai 
in the Mongol realm. Moreover, Gamaladdin 
authored a geography of the entire dominions. 
However, only a few fragments of this compre- 
hensive work have survived incorporated into 
later compilations. 260 

[46] There is still further evidence in favour 
of our assumption that the oldest maps of the 
world that reflect the substantially improved co- 
ordinates of the 5 th/ 1 ith century were produced 
as early as in the second half of the 7th/i3th 
century. They will be mentioned in the context 
of the geographical endeavours of the 8th/i4th 
century. Concluding the discussion of note- 
worthy achievements of the 13th century, the 
emergence of perfect or near-perfect maps of 
the Mediterranean and of the Black Sea shall be 
mentioned. They are commonly referred to as 
“portolan charts” by modem history of cartogra- 
phy. The origin of the oldest maps of this type 
known in the European culture area is dated 
around the turn of the 13 th to the 14th century. 
The question of their origin has been discussed 
for about the last 150 years. With the exception 
of a few Arabists who noted a certain affinity 
of these charts with al-Idrlsi’s world map, the 
issue has so far been treated in complete igno- 
rance of the achievements of the Arabic-Islamic 
culture area in the field of mathematical geog- 
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On the sources, v. ibid, vol. io, pp. 311-312. 
v. ibid., vol. 10, p. 312. 
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raphy. Hence it was understandably not known 
that in the Arabic-Islamic culture area the west- 
eastern dimensions and distances between, e.g., 
Tangier and Rome, Toledo and Rome, Rome 
and Alexandria or Rome and Constantinople 
were already established with an accuracy that 
comes close to the modem values. These accu- 
rate data constitute the decisive element serving 
to elucidate the progress made between the fair- 
ly realistic shape of the Mediterranean in Idrisi’s 
map and the shape of the so-called perfect por- 
tolan charts with their linear networks. In sev- 
eral chapters of the volumes io and n of my 
Geschichte des arabischen Schrifttums, I have 
tried to explain my opinion of a long historic 
evolution of the cartographic depiction of the 
Mediterranean. Various cultures made their con- 
tributions in the course of that development, the 
finally leading to the so-called portolan charts 
which can be ascribed to the Arabic-Islamic cul- 
ture area. The circular world map, appended by 
Brunetto Latini to his Livres dou tresor (ca. 1260- 
1266), is an important document for the stage 
of development between al-Idrisi’s world map 
(549/1 154) and the almost perfect shape of the 
Mediterranean and the Black Sea with the adja- 
cent areas, achieved presumably in the 2nd half 
of the 7th/ 1 3 th century. As Florentine ambassa- 
dor in Toledo and Sevilla, Latini had the oppor- 
tunity to acquaint himself with the adoption of 
Arabic-Islamic sciences which was then in full 
swing. He also helped Dante Alighieri deepen 
his knowledge of Islam. 26 ' His world map ap- 
peared without precedence in Italy and differs 
fundamentally from the old Imago mundi maps 
circulating in 1 3th century Europe. It seems to be 
a copy of a model from the Arabic-Islamic cul- 
ture area, ultimately going back to the Ma’mun 
map, yet showing a certain progress regarding 
the shapes of the Mediterranean, Asia Minor and 
Africa. It does not however reflect the advances 

261 v. M. Asm Palacios, La escatologia musulmana en 
la Divina Commedia, Madrid 1961, pp. 381-386; F. Sezgin, 
op. cit., vol. 10, p. 223. 



made in the depiction of North, North East and 
Central Asia known from the Idrisi map. It must 
be also noted that the Brunetto Latini map is 
southern-oriented as was the Arab custom. The 
representation of mountains and highlands in el- 
evation corresponds to the same practice in the 
Ma’mun map. 262 

Besides the Brunetto Latini map, which we 
assume to be a copy of a map from the western 
part of the Islamic world, there are a few more 
maps that outline the progress made in the sec- 
ond half of the 7th/ 13 th century in the depiction 
of Asia. They are the five maps which Marco 
Polo is said to have brought back from his jour- 
ney. 26 ’ [47] Without entering the discussion on 
whether or not Marco Polo actually reached 
China, 264 we point out that on his outward jour- 
ney (1272) he visited western Iran under the 
reign of the Ilkhans and on his homeward jour- 
ney (1294/1295) he visited Tabriz. This was 
the region where mathematical geography and, 
based on it, the new cartography was cultivated 
most intensively. In Maraga and later in Tabriz, 
the capitals of the Ilkhans, new centres of the 
sciences arose from whence books, instruments, 
maps and further materials found their way to 
the West, mostly via Constantinople. The maps 
brought back by Marco Polo, the authenticity 
of which I have discussed in the Geschichte des 
arabischen Schrifttums are rather clumsy cop- 
ies; 26 ’ however, they contain, on the one hand, 
the oldest cartographic representation of South 
Asia extant and, on the other, an orthogonal 
graticule showing the eastern edge of Asia at 
140°. It is the eastern border of the oikoumene, 
which according to Ptolemy was at 180° and 
which was reduced largely to its true value by 
Arabic-Islamic astronomers only in the 7th/ 13th 

266 

century. 

262 v. F. Sezgin, op. cit., vol. 10, pp. 327-330. 

263 v. ibid, vol. 10, pp. 315-320. 

264 v. ibid, vol. 10, p. 318, note 2. 

265 v. ibid, vol. 10, pp. 315-319. 
v. ibid, vol. 10, pp. 317-318. 
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The type of world map developed in the 
Arabic-Islamic culture area in the second half 
of the 7th/ 1 3 th century soon spread not only to 
Europe and but also to China. In the early 14th 
century, maps started to appear there that break 
with the conventional Chinese concept of the 
Earth’s surface and with the cartographic tra- 
dition. Towards the middle of the last century 
these maps came into the focus of research. 267 
When the surviving younger versions of those 
maps were examined, it came as a surprise that 
they show Africa in triangular shape, that they 
represent the configuration of the Mediterranean 
almost correctly, and that they, moreover, repro- 
duce the Arabised names of about 100 places and 
countries in Europe and — as far as could as yet 
be identified — 35 from Africa. The appearance 
of that type of map which “in its origins goes 
back to the years around 1300” in China has 
been explained by research almost unanimously 
with an Arabic model. This model is supposed to 
have been the graduated terrestrial globe which 
was brought from Maraga to Da Du (Beijing) by 
the above-mentioned astronomer and geogra- 
pher Gamaladdln in the year 1267, to be handed, 
together with six astronomical instruments, to 
the ruler Qubilai Han. This assumption may be 
correct, but I am more inclined to believe that 
planispheric world maps from the east of the 
Arabic-Islamic world reached China — shortly 
after their appearance — as well. Certainly the 
numerous place names would fit more easily on 
maps than on a terrestrial globe. 

I take the liberty of bringing to the notice of 
a wider circle of readers my cartographic-his- 
toric evaluation of those maps from the rele- 
vant volume of my Geschichte des arabischen 
Schrifttums l6S which appeared in 2000: “The 
eminently important historical fact in geogra- 
phy, namely that — more or less at exactly the 
same time at which a new type of world map 
and portolan chart appeared in Europe — the car- 
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v. F. Sezgin, op. cit., vol. 10, pp. 321-326. 
v. ibid., vol. 10, p. 326. 



tography of the Chinese, which until that time 
had restricted itself to China and parts of East 
Asia, broke with this tradition and extended the 
borders of its image of the world all the way to 
the Atlantic and from South Africa through to 
central Russia, whereby simultaneously an al- 
most exact configuration of the Mediterranean 
and of the triangular shape of Africa became 
recognisable, is something which has not been 
taken into consideration in the discussion on 
the origin of the portolan charts as far as I am 
aware. The phenomenon of [48] this simultane- 
ously-timed emergence of a practically identical 
new image of the world in Europe and China 
should, in my opinion, lead historians of geog- 
raphy to the assumption that a common model 
existed. Not only the Islamic cultural area pro- 
vides us with sufficient cartographic and math- 
ematical-geographical documents which prove 
that the sought after models are to be found in 
that period of the history of sciences which was 
shaped by that cultural area.” 

The oldest surviving Arabic document of this 
latest stage of development is a map from the 
Maghreb. 269 It shows the westernmost part of the 
Mediterranean with a complete configuration of 
the Iberian Peninsula and the western edge of 
Europe with some strips of the English and Irish 
coastline. This Maghribi map may be older than 
the oldest known “portolan chart” which is sup- 
posed to date from around 1300 CE. In any case, 
the first scholar who wrote about it, Gustavo 
Uzielli, 270 introduced it as a work of the 13 th 
century. A few years later Theobald Fischer, 271 
in the context of his work on medieval world 
and sea maps, was inclined to shift its origin to 

269 v. F. Sezgin, op. cit., vol. 11, pp. 27-31. 

" 7 ° Studi biografici e bibliografici sulla storia della 
geografia in Italia, 2nd ed., vol. 2, Rome 1882, p. 229; 
Theobald Fischer, Sammlung mittelalterlicher Welt- und 
Seekarten italienischen Ursprungs und aus italieni- 
schen Bibliotheken und Archiven, Marburg 1885 (reprint, 
Amsterdam 1961 without maps), p. 220; F. Sezgin, op. cit., 
vol. 11, pp. 27-28. 

271 Th. Fischer, op. cit., p. 220. 
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the end of the 14th century; and because of this, 
later research lost sight of one milestone in the 
history of development of the ‘portolan charts’. 
The pull of conventional mediaeval studies un- 
fortunately quite often keeps researchers from 
addressing issues of the date and provenance 
of technological innovations and new scientific 
or philosophical concepts surfacing in Europe 
(outside Spain) from the 1 2th century onwards 
in the context of the reception and assimilation 
of Arabic-Islamic sciences in general. The case 
of the ‘portolan charts’ makes no exception. 

In support of my view regarding the charac- 
ter and quality of the cartographic skills found 
in the Islamic world in the 7th/ 13 th century, I 
would like to cite one more testimony for which 



above (supra p. 41). In connection with matters 
of geography, included in his astronomical work 
at-Tuhfa as-sahlya fi l-hai'a, he deals with the 
cartographic depiction of the oikoumene and 
the difficulty of fitting indispensable details in 
small formats. To this end he proposes a practi- 
cal method of laying out a simplified and sche- 
matized map of the Mediterranean. Together 
with the Black Sea, the Mediterranean is pro- 
jected on a rectangular frame divided into 1200 
squares. The longitudes and latitudes are meas- 
ured in squares rather than degrees. 

Apparently oceans and continents were dis- 
tinguished by colour. In the first half of the 20th 
century some Arabists drew up such a schematic 
map on the basis of Qutbaddln’s data (infra p. 49). 




we are indebted to one of the pivotal figures in 
this development. I am referring to the polymath 
Qutbaddln as-Slrazi (d. 710/13 n) mentioned 



The shapes of North- Africa, the Mediterranean, 
the Black Sea and the depicted parts of Europe 
leave hardly any room for doubt that Qutbaddln 
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already knew the accurate geographical repre- 
sentation of those areas as found in the portolan 
charts. In fact it is quite evident that Qutbaddln 
took his data from a map at hand. 272 In corrobo- 
ration of this, we can cite the universal scholar 
Rasidaddln’s (d. 718/1318) report [49] to the 
effect that Qutbaddln as-SirazI presented a de- 
tailed map of the Mediterranean to the Mongol 
ruler Argun on 13th Sa'ban 688 (1 September 
1289). On this map, the coasts, bays, and cities 
in the West and in the North and even details of 
the Byzantine territory were inscribed. 273 

After discussing the progress made in car- 
tography in the Islamic world during the 7th/ 
13 th century, we may now turn to an apex of 
geographical lexicography. I am referring to the 
“Geographical Dictionary” ( Mu' gam al-buldan ) 
by Yaqut b. ‘Abdallah ar-Rumi al-Hamawi 274 (b. 
574/1178, d. 626/1229). Yaqut was primarily a 
man of letters and a philologist. In the field of lit- 
erature he wrote a number of noteworthy works, 
including his biographical dictionary of schol- 
ars entitled Irsad al-arib or Mid gam al-udaba\ 
which counts amongst the most important works 
of its kind extant. In the field of geography, his 
lexical interest brought about two books. One of 
them, al-Mustarik wad’an wa-l-muftariq saq’an 
of 623/1226, deals with geographical homo- 
nyms. The other one, Mu c gam al-buldan, marks 
the climax of the literary genre of geographical 
dictionaries which had continued to develop in 
the Islamic world from the 4th/ioth century on- 
wards. Besides lexical sources, Yaqut digested a 
number of titles of descriptive regional geogra- 
phy and mathematical geography as well as trav- 
elogues. Thus his work [50] became an invalu- 
able source for the historiography of sciences 
and culture of the Arabic-Islamic world. In the 
commendable edition by Ferdinand Wiistenfeld 
(1866-1870), the book runs into 3500 pages. 

272 v. F. Sezgin, op. cit., vol. 10, pp. 313-314. 

273 v. F. Sezgin, op. cit., vol. 10, pp. 312-313. 

274 v. C. Brockelmann, Geschichte der arabischen 
Litteratur, vol. 1, pp. 479-481, suppl., vol. 1, p. 880. 



Comparing Yaqut’s book in quantity and qual- 
ity with the first modem geographical dictionary 
to appear in Europe, the Latin Synonymia geo- 
graphica 275 by Abraham Ortelius (1578), gives 
a fairly good idea of the significant develop- 
ment of this branch of scientific literature in the 
Arabic language. 

Turning to the field of medicine, a significant 
discovery in that century — which the historian 
of medicine L. Leclerc, 276 referring to Syria, 
called a golden age of sciences, and medicine 
in particular — was that of the minor circulation 
of blood by ‘All b. Abi 1 -Hasan Ibn an-Nafis 
al-QurasI (d. 687/1288). Researching for his 
thesis 27 on Ibn an-Nafis’ commentary on the 
surgery chapter of the al-Qanun fi t-tibb by Ibn 
Sina, Muhyiddln at-TatawI, an Egyptian student, 
hit upon that fact in the year 1924. Thanks to 
several studies by Max Meyerhof and Joseph 
Schacht, 2 8 we know today that this discov- 
ery by Ibn an-Nafis was borrowed by Michael 
Servetus (Miguel Servet) for his Christianismi 
restitutio (Vienna 1553); consequently the lat- 
ter was considered its originator for centuries. 
Realdus Columbus (Realdo Colombo) in his De 
re anatomica libri XV (Venice 1559) also seems 
to have known about the discovery directly or 
indirectly from Ibn an-Nafis. Ibn an-Nafis’ de- 
scription of the pulmonary circulation which 

275 v. J.-T. Remaud, Notice sur les dictionnaires geo- 
graphiques arabes, in: Journal Asiatique (Paris), 5e serie 
16/1860/65-106, esp. p. 67 (reprint in: Islamic Geography, 
vol. 223, pp. 1-42, esp. p. 3). 

‘ 76 Histoire de la medecine arabe, vol. 2, Paris 1876 
(reprint, Islamic Medicine, vol. 49), p. 157; M. Meyerhof, 
Ibn an-Nafis und seine Theorie des Lungenkreislaufs, in: 
Quellen und Studien zur Geschichte der Naturwissen- 
schaften und der Medizin (Berlin) 4/1935/37-88, esp. p. 40 
(reprint in: Islamic Medicine, vol. 79, pp. 61-134, esp. 64). 

277 

Der Lungenkreislauf nach el Koraschi. Wortlich 
ilbersetzt nach seinem ‘ Kommentar zum Teschrih 
Avicenna’... by Mohyi el Din el Tatawi, Freiburg 1924 
(type-written thesis, reprint in: Islamic Medicine, vol. 79, 

pp .I g -25) 

Studies on this subject published up to 1957 were 
collected and edited in: Islamic Medicine, vol. 79. 
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he gave in his commentary to the Qanun of 
Ibn Slna supposedly reached Europe through a 
translation by Andreas Alpagus (Andrea Alpago, 
d. ca.1520). 279 During a thirty-year stay in Syria, 
he had acquainted himself with Arabic language 
and medicine. On his return to Padua he took 
with him several Arabic books and translated, 
inter alia, Ibn Sina’s Qanun into Latin, the same 
Canon which had already been translated by 
Gerard of Cremona. 

With regard to yet another medical scholar of 
the 7th/ 1 3 th century, research found clues of an 
important discovery. While staying in Cairo, the 
versatile physician and brilliant natural historian 
'Abdallatlf b. Yusuf b. Muhammad al-Bagdadl 
(b. 557/1162, d. 629/1232) seized the opportu- 
nity to examine the skeletons of people who had 
perished during a plague epidemic and famine 
in the year 598/1202. He wrote about his ob- 
servations and the results of his examinations 
in his anthropogeographical book on Egypt 
entitled Kitab al-Ifada wa-l-i c tibar fi l-umur al- 
musahada wa-l-hawadit al-mu c ayana bi-ard 
Misr, in which he dealt, inter alia, [51] with 
stones, flora and fauna, antiquities, architecture 
and the local cuisine. In his anatomical study of 
thousands of skeletons he revised the errors and 
inaccuracies of his predecessors, in particular 
of Galen. One of his findings was that the hu- 
man mandible consists of one bone only, rather 
than two bones joined at the chin as Galen be- 
lieved. 280 In this context al-Bagdadl points out 
that the evidence of one’s own observation was 

~ 79 Edward C. Coppola, The discovery of the pulmona- 
ry circulation: A new approach, in: Bulletin of the History 
of Medicine (Baltimore) 31/1957/44-77 (reprint in: Islamic 
Medicine, vol. 79, pp. 304-337); Charles D. O’Malley, A 
Latin translation of Ibn Nafis ( 1547) related to the problem 
of the circulation of the blood, in: Journal of the History of 
Medicine and Allied Sciences (Minneapolis) 12/1957/248- 
253 (reprint in: Islamic Medicine, vol. 79, pp. 338-343) 

L. Leclerc, Histoire de la medecine arabe, vol. 2, 
pp. 182-187, esp. pp. 184-185 (reprint in: Islamic Medicine, 
vols. 48-49); The Eastern Key. Kitab al-Ifadah wa c l-i‘tibar 
of ‘Abd al-Latif al-Baghdadi. Translated into English 



more reliable than the doctrines of Galen, de- 
spite the high rank befitting the latter. 281 

The maturity of the epoch with its widened 
horizon as well as the extent and the magnitude 
of the achievements accomplished in his cul- 
ture area induced Ahmad b. al-Qasim Ibn Abi 
Usaibfa (d. 668/1270), a contemporary of the 
above-mentioned Ibn an-Nafis and ‘Abdallatlf 
al-Bagdadi, to compose, within the scope of 
his resources, a universal history of medicine. 
The medical historian Edith Heischkel, 282 even 
though she unfortunately characterises the ep- 
och of the author incorrectly as “a late period 
of Arabic science in which existing knowledge 
was digested rather than being creative in its 
own right”, described quality and character of 
this work entitled c Uyun al-anba } fi tabaqat al- 
atibba } quite appropriately: “He has set himself 
free from the bias of antique and Jewish myths, 
knowing that each and every culture has its own 
peculiar theory of the origins of medicine. In his 
view, each culture also has its own special medi- 
cine, one yielding place to another in the course 
of centuries. He doubted whether it was at all 
feasible to deem the medical science of any one 
people the oldest. The Arab, in whose native re- 
gion cultures of diverse people from East and 
West fused, possessed the universal historical 
scope which no physician before him ever had; 
in the writings of Ibn Abi Usaibfa the history 



by Kamal Hafuth Zand and John A. and Ivy E. Videan, 
London 1965, pp. 272-277. 

Free summary of the following Arabic text: Fa-inna 
Galinus wa-in kana fi d-daraga al-‘ulya fi t-taharri wa- 
t-tahajfuz fi-ma yubasiruhu wa-yahkihi, fa-inna l-hiss 
asdaq minhu, of. Abdallatif’s eines arabischen Arztes 
Denkwiirdigkeiten Egyptens in Hinsicht auf Naturreich 
und physische Beschaffenheit des Landes und seiner 
Einwohner, Alterthumskunde, Baukunde und Okonomie... 
translated from the Arabic and explained by S. F. Gunther 
Wahl, Halle 1790, pp. 342-343. 

Die Geschichte der Medizingeschichtsschreibung, 
in the appendix of: Walter Artelt, Einfuhrung in die 
Medizinhistorik. Ihr Wesen, ihre Arbeitsweise und ihre 
Hilfsmittel, Stuttgart 1949, pp. 201-237, esp. p. 205. 
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of medicine is seen from the point of view of 
universal history for the first time.” 

The Western historians of medicine had 
to go a long way until they finally came to these 
insights. Medical historians in the West ob- 
served, what the Arab cosmopolitan attitude had 
long before seen, only after they had overcome 
the authority of antiquity and of the Bible. 283 

Finally, in the field of medicine of the 7th/ 
13th century, the hospital built 683/1284 in 
Cairo by the Mamluk Sultan al-Malik al-Mansur 
Saifaddin Qalawun 284 shall be mentioned. After 
the 'AdudI hospital in Baghdad (372/981) and 
the Nuraddln hospital in Damascus (549/1 152), 
it was the latest and the most advanced of the 
three major hospitals in the Islamic world es- 
tablished by that time. In some respects it seems 
almost modem. Such progressive features are 
its medical organisation with specialised treat- 
ments, the playing of music to patients suffering 
from mental illness or insomnia, in-house medi- 
cal training, [52] an elaborate administration, fi- 
nancial security through sufficient income from 
an endowment (with quite interesting conditions 
specified in the foundation deed) and, finally, the 
building itself and its equipment. This hospital 
with its dome (which seems to have collapsed 
after the nth/ 17th century) and its cruciform 
ground plan is believed to have served as the 
model for similar hospitals in Europe. 285 

The 7th/ 1 3 th century also marks a climax 
in music theory as part of the natural sciences. 
After the assimilation of predominantly late 

‘ 8 ' 3 Die Geschichte der Medizingeschichtsschreibung, 
in the appendix of: Walter Artelt, Einfiihrung in die 
Medizinhistorik. Ihr Wesen, ihre Arbeitsweise und ihre 
Hilfsmittel, Stuttgart 1949, p. 210. 

284 v. Arslan Terzioglu, Mittelalterliche islamische 
Krankenhduser unter Beriicksichtigung der Frage nach 
den altesten psychiatrischen Anstalten, PhD thesis, Berlin 
1968, p. 88 ff. 

285 v. A. Terzioglu, op. cit. p. 97; Dieter letter, Das 
Mailander Ospedale Maggiore und der kreuzfdrmige 
Krankenhausgrundrifi, in: Sudhoffs Archiv (Wiesbaden) 
44/1960/64-75, esp. p. 66. 



antique sources by Ya c qub b. Ishaq al-Kindl 
in the 3rd/9th century, and the masterly adop- 
tion of “classical” Greek sources in the service 
of a distinctly Arabic musical theory by Abu 
Nasr al-Farabl and Abu ‘All Ibn Slna in the 
4th/ioth and early 5th/ nth century, it was S 
afiyaddin ‘Abdalmu’min b. Yusuf al-UrmawI (d. 
693/1294) whose influential Kitab al-Adwar, 1% 
a systematic compendium of musical theory, 
summarises and winds up the recent develop- 
ment. H. G. Farmer 287 called him the founder 
of the “Systematist school” with mathematical- 
physical inclination, which existed until around 
900/1500. In al-Urmawi’s Kitab al-Adwar we 
encounter for the first time the division of the 
octave in seventeen unequal degrees as a fully 
developed system. 288 

In the humanities I would like to mention 
the important achievement by Yusuf b. Abi 
Bakr as-Sakkaki (b. 555/1160, d. 626/1229) in 
the two interdisciplinary subjects of linguistics, 
( ilm al-ma ( dni and c ilm al-bayan. The former I 
would translate ‘grammar of style’, and for the 
latter I borrow Wolfhart Heinrich’s 289 term, ‘pic- 
torial language’ (Bildersprache). ‘Abdalqahir 
al-Gurgani (d. 471/1078, cf. infra p. 33) in his 
Dalcdil al-bgaz and the Asrar al-balaga had 
created the foundation upon which as-Sakkaki 
elaborated his Miftah al- c uluni 9 ° with logical 
systematisation into strictly defined disciplines. 
It seems an intermediate stage in this process 

286 

Facsimile editions by H. C A. Mahfuz, Baghdad 
1961 and Frankfurt: Institut fur Geschichte der Arabisch- 
Islamischen Wissenschaften 1984; editions by H. M. ar- 
Ragab, Baghdad 1980 and G. C A. Hasaba, M.A. al-Hifm, 
Cairo 1986. 

287 The Sources of Arabian Music, Leiden 1965, p. 
XXIII; Liberty Manik, Das arabische Tonsystem im 
Mittelalter, Leiden 1969, pp. ^2 ff. 

288 7 7 1 1 u 

E. Neubauer, preface to the facsimile edition, 
Frankfurt 1984. 

” 89 Poetik, Rhetorik, Liter aturkritik, Metrik und 
Reimlehre , in: GrundriB der arabischen Philologie, vol. 2, 
Wiesbaden 1987, p. 184. 

290 v. C. Brockelmann, Geschichte der arabischen 
Litteratur, vol. 1, p. 294, suppl., vol. 1, p. 515. 
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had already been reached by the universal schol- 
ar Muhammad b. c Umar Fahraddln ar-Razf 9 ' (b. 
543/ 1 149, d. 606/ 1 209) in his Nihayat al-igaz fi 
dirayat al-i c gaz , 292 

In the same 7th/ 13 th century, in which 
progress was made in almost all fields of Arabic- 
Islamic historiography, world history was treated 
with special interest. The monumental chronicle 
by Tzzaddln ‘All b. Muhammad Ibn al-Atlr 293 (b. 
555/1160. d. 630/1233) was written in the first 
quarter of the century; under the title al-Kamil 
fi t-td’rlh, it deals with world history from gen- 
esis up to 6 2 8/ 1 2 3 1 . As far as we are aware, this 
is the most extensive and the most significant 
work of its type written since the world history 
by Muhammad b. Garlr at-Tabarl (d. 310/923, 
supra p. 18). The author appears to be [53] ex- 
tremely objective and reliable. Yet it is not cor- 
rect and even unfair to call him “perhaps the 
only true historian of Islam in the early Middle 
Ages.” 294 In the same spirit, 'All b. Angab Ibn as- 
Sa c i, 29;> (b. 593/1 197, d. 674/1276), an historian 
from Baghdad, wrote another chronicle of the 
world entitled al-Gami c al-muhtasar fi ( unwan 
at-tawarih wa- c uyun as-siyar in twenty-five vol- 
umes of which only the ninth is extant. Judged 
by this fragment, Ibn as-SaTs book is equal to 
the high rank of his predecessor’s. 

In military technology, the ongoing necessity 
of defence against attacks by crusaders brought 
about further advances in weaponry in this cen- 
tury as well. The most important innovation in 
this field was the development of fire-arms us- 
ing gunpowder. The question has not yet been 
solved whether the knowledge of gunpowder 
reached the Arabic-Islamic culture area from 

291 ibid, vol. 1, p. 506, suppl., vol. 1, p. 920. 

‘ 9 ‘ W. Heinrichs, op. cit. p. 184. 

293 v. C. Brockelmann, op. cit., vol. 1, p. 345, suppl., vol. 
1, p. 587. 

294 As is done by Francesco Gabrieli in his overview 
The Arabic historiography of the Crusades, in: Historians 
of the Middle East, ed. Bernard Lewis and P. M. Holt, 
London 1962, pp. 98-107, esp. p. 104. 

295 v. C. Brockelmann, op. cit. suppl., vol. 1, p. 590. 



China or whether it was developed independ- 
ently. It is however probable that its driving 
power was recognised and used for military 
purposes in the Islamic world, even if fireworks 
were known in China at an earlier date. As far as 
we know, the Arabs had used cannons since the 
second half of the 7th/i3th century (infra V, 99); 
it is possible that the use of hand grenades also 
goes back to this century (infra V, 101 ff.). 

The 8TH/14TH Century 

Turning to the 8th/i4th century, we realise 
that science in the Islamic world did not lose 
momentum in this period, in spite of all the 
turbulent political events. Through the loss of 
a substantial part of Andalusia, its scientific 
contributions, which had been on a high level 
for centuries, were diminished but did not yet 
cease. 

In the field of astronomy the issue of Ptolemy’s 
theory violating the principle of uniform plan- 
etary motions, which had been addressed by Ibn 
al-Haitam in the 5th/i ith century and which had 
once more become topical in the 7th/ 13 th cen- 
tury, engaged the disciples of Naslraddln at-TusI 
in the 8 th/ 14th century. Yet the most important 
model aimed at restoring the principle of uni- 
form motion was conceived, as far as we know, 
in Syria. Its originator was ‘All b. Ibrahim Ibn 
as-Satir (d. ca. 777/1375). In his models he does 
away with eccentricity and lets the vector (one 
for each planet) start from the centre of the uni- 
verse while adopting Naslraddln at-TusI’s con- 
cept of dual epicycles. Particularly important is 
his model of Mercury in which he makes use of 
a smaller epicycle than Ptolemy. He achieved 
excellent results in his attempt to improve the 
inherited models of the lunar motions. While re- 
storing the uniform circular motion of the Moon, 
he corrects the glaring defect in Ptolemy’s mod- 
el, in which the latter had exaggerated the varia- 
tions of the Moon-Earth distance. 296 



296 



v. F. Sezgin, op. cit. vol. 6, p. 36. 
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Recent research 297 has established that 
Copernicus knew the models of Ibn as-Satir and 
his Persian predecessors and contemporaries 
[54] and that their influence on him must have 
been profound. The points in common between 
Copernicus and his Arabic-Islamic predecessors, 
as found so far, can be summarised as follows: 

1. Copernicus as well as Nasiraddin at-Tusi 
and Qutbaddln as-Slrazi accept without reser- 
vation the principle that each planetary model 
must be based on a mechanism in which equal 
distances are covered by equal vectors with 
equal angular velocity. 

2. Copernicus and his Arabic predecessors 
feature the mechanism of a double vector with 
radii equal or half the eccentricity in their plan- 
etary models, in order to emulate the function of 
the equant. 

3. Copernicus’s model of the Moon is the 
same as that by Ibn as-Satir; both differ substan- 
tially to Ptolemy’s model in their parameters. 

4. With minor alterations in the length of the 
vectors, Copernicus’s model of Mercury is the 
same as Ibn as-Satir’s. 

5. Copernicus employs the mechanism of 
the double epicycles of at-Tusi in the Mercury 
model, as does Ibn as-Satir. 298 

According to the latest research, the new 
Arabic-Persian theories concerning the mo- 
tion of the planets did not reach Copernicus via 
Latin translations, but through Byzantine medi- 
ation from Tabriz und Maraga via Trabzon and 
Constantinople. For instance, the two Polish 
scholars Sandivogius of Czechel (1430) and 
Adalbertus of Brudzevo (1482), in their com- 
mentaries respectively to Gerardus’s Theorica 
planetarum and Peurbach’s Theoricae novae 

297 For example: E. S. Kennedy, Late medieval planeta- 
ry theory, in: Isis (Baltimore) 57/1966/365-378, esp. p. 377: 
idem, Planetary theory in the medieval Near East and its 
transmission to Europe, in: Oriente e Occidente nel me- 
dioevo. Convegno intemazionale 9-15 aprile 1969, Rome 
1971 (Accademia Nazionale dei Lincei), pp. 595-604, esp. 
pp. 600-602; F. Sezgin, op. cit. vol. 6, p. 56. 

298 v. F. Sezgin, op. cit. vol. 6, pp. 55-56 



planetarum display a fair knowledge 299 of the 
above mentioned planetary theories from the 
Arabic-Islamic culture area; therefore, by the 
15 th century, these theories must have been 
known in Cracow. 

Amongst the most important astronomical 
achievements of that age is a type of astrolabe 
which had been constructed in Syria by Ahmad 
b. Abi Bakr Ibn as-Sarrag (d. ca. 730/1330). 
The instrument (infra II, 119) combines in itself 
the functions of a normal astrolabe and those 
of the universal plate as had been developed in 
the western part of the Islamic world. With this 
instrument a stage of development in the con- 
struction of astrolabes had been reached which 
henceforth stood unsurpassed, both in the coun- 
tries of Islam and in Europe (infra, II, 84). 

In mathematics, a remarkable development 
occurred in the 7th/ 13th and the 8th/i4th cen- 
turies in western North Africa. It involved the 
knowledge and application of algebraic symbol- 
ism that remained — as far as we know now — un- 
known in the eastern parts of the Islamic world. 
It is primarily found in the works of Ahmad b. 
Muhammad Ibn al-Banna’ al-Marrakusi 300 (b. 
654/1256, d. 721/1321) and his grand-disciple, 
Abu 1 - ‘Abbas Ahmad b. Hasan Ibn Qunfud 301 (b. 
731/1331 or more likely 741/1340, d. 809/1406 
or 810/1407). That Ibn al-Banna’, according to 
his book Raf al-higdbf 1 had [55] the mathe- 
maticians Ibn Mun'im (Ahmad b. Muhammad 

299 v. G. Rosi0ksa, Nasir al-Din al-Tusi and Ibn al- 
Shatir in Cracow? in: Isis (Washington, D.C.) 65/1974/239- 
243; F. Sezgin, op. cit. vol. 6, p. 56. 

300 C. Brockelmann, op. cit. vol. 2, p. 255, suppl. vol. 
2, pp 363-364; Juan Vemet in: Dictionary of Scientific 
Biography, vol. 1, New York 1970, pp.437-438. 

301 v. H. R J. Renaud, Sur un passage d’Ibn Khaldun 
relatif a I’histoire des mathematiques, in: Hesperis 
(Paris) 31/1944/35-47 (reprint in: Islamic Mathematics and 
Astronomy, vol. 44, pp. 191-203); F. Sezgin, op. cit. vol. 5, 
p. 62. 

302 Ed. by M. Aballagh, Paris 1988; cf. idem, Les fonde- 
ments des mathematiques a trovers le Raf al-Hijab d ‘Ibn 
al-Banna (1256-1321), in: Histoire des mathematiques ara- 
bes. Actes du premier colloque international sur 1 ’histoire 
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al- c Abdari 3 ° 3 ) and al-Ahdab as his predecessors 
in the knowledge of algebraic symbolism was 
mentioned already by the well-known historian 
‘Abdarrahman Ibn Haldun (d. 808/1406). 304 This 
is corroborated by the treatises Fiqh al-hisab by 
Ibn Mun'im and Raf al-higab by Ibn al-Banna 5 , 
which were discovered in the last decade of 
the 20th century. Ibn al-Banna 5 excelled with 
further important contributions, among them 
an approximation formula for the extraction 
of the square root. 3 ° 5 For this matter he distin- 
guishes between two cases, viz. “whether, af- 
ter ~ia 2 +r~a has been found, r turns out to be 
smaller or equal, or bigger than a. If r < a, one 
should equate A \a 2 +r=a+ 2 a ; on the other hand, 
if r > a, for better approximation one should 
equate sfa^+r = a+ 2^+1 - 3 ° 6 In formulating this, 
Ibn al-Banna 5 no doubt relied heavily on his 
predecessor Muhammad b. ‘Abdallah al-Hassar 
(7th/i3th c.). 3 ° 7 It is possible that the method for 

des mathematiques arabes, Alger 1-3 decembre 1986, Alger 
1988, pp. 133-156, esp. pp. 140-142. 

303 v. A. Djebbar, L' analyse combinatoire au Maghreb: 
I’exemple d’Ibn Mun c im (Xlle-XIIIe s.), Orsay 1985 
(Publications mathematiques d’Orsay no. 85-01). The 
identification of this mathematician as Ibn ‘Abdalmun‘im 
(active in Sicily at the court of Roger II), as suggested by 
H. Suter and H. P. J. Renaud and adopted in my Geschichte 
des arabischen Schrifttums, vol. 5, p. 62, is not correct. 

304 v. Ibn Khaldun, The Muqaddimah. An introduction 
to history, translated from the Arabic by Franz Rosenthal, 
vol. 3, New York 1958, p. 123; F. Sezgin, op. cit. vol. 5, p. 
62. 

305 Ibn al-Banna 5 al-MarrakusI, Talhis a c mal al-hisab, 
ed. by M. Suwlsl, Tunis 1969, pp. 63-66; French transl. 
Aristide Marre, Le Talkhys d’Ibn Albanna, traduit pour 
la premiere fois..., in: Atti dell’ Accademia Pontificia 
de’Nuovi Lincei (Rome) 17/1864/289-319, esp. pp. 311-313 
(reprint in: Islamic Mathematics and Astronomy, vol. 44, 
pp. 1-31, esp. pp. 23-25). 

306 M. Cantor, Vorlesungen iiber Geschichte der 
Mathematik, op. cit. vol. 1, p. 808. 

307 

v. Heinrich Suter, Das Rechenbuch des Abu Zakarija 
el-Hassar , in: Bibliotheca mathematica (Leipzig) 3rd 
series, 2/1901/12-40, esp. pp. 37-39 (reprint in: Islamic 
Mathematics and Astronomy, vol. 77, pp. 322-360, esp. pp. 

357-359)- 



the extraction of the square root by the Spanish 
mathematician Juan de Ortega (d. ca. 1568) is 
also connected with this. 308 

From the fields of physics and technology, 
a remarkable clock should be mentioned, con- 
structed by the above-mentioned Ibn as-Satir, 
and described by the historian Halil b. Aibak 
as-Safadi (d. 764/1363). As-Safadi visited Ibn 
as-Satir in Damascus to see this device invented 
by the latter and described it in the following 
words: 309 It “was positioned vertically against a 
wall, . . . had the shape of a bow ( qantara ) and 
measured approximately 3/4 ells ... it ran day 
and night, without sand and without water and 
followed the motion of the celestial sphere, ac- 
cording to a special regulation,... indicating 
both equal and temporal hours.” This brief de- 
scription leads us to the assumption that it might 
have been a weight driven mechanical clock. 

In the 8th/ 1 4th century the Arabic-Islamic 
world area proved to be as creative as ever. 
Hence, in the field of optics, this century pro- 
duced one of the most important scholars 
of the time. We are referring to Kamaladdin 
Muhammad b. al-Hasan al-Farisi (b. 665/1267, 
d. 718/1318), otherwise known [56] as an out- 
standing physicist and mathematician. He wrote 
a monumental commentary, Tanqlh al-Manazir, 
on the “Optics” of Ibn al-Haitam (supra p. 29 
ffi), which has not yet been exhaustively stud- 
ied; in it we find an epochal explanation of the 

708 

v. J. Vernet in: Dictionary of Scientific Biography , 
vol. 1, New York 1970, p. 437. 

309 The quotation from the as yet unpublished 20th vol. 
of the Kitab al-Wafi bi-l-wafaydt by as-Safadi was freely 
rendered by E. Wiedemann from the French version of 
Description de Damas by Henri Sauvaire (Paris 1894-1896, 
vol. 2, pp. 207-208; reprint in: Islamic Geography, vol. 81, 
pp. 277-278), (v. Uber die Uhren im Bereich der islami- 
schen Kultur by Eilhard Wiedemann in collaboration with 
Fritz Hauser in: Nova Acta. Abhandlungen der Kaiserlich 
Leopoldinisch-Carolinischen Deutschen Akademie der 
Naturforscher, vol. 100,5, Halle 1905, p. 19, reprint in: E. 
Wiedemann, Gesammelte Schriften vol. 3, pp. 1211-1482, 
esp. p. 1229, and in: Natural Sciences in Islam, vol. 41, pp. 
21-292, esp. p. 39). 
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phenomenon of the rainbow the like of which 
his predecessors Ibn al-Haitam and Ibn Sina 
in the 5th/ nth century, despite their attempts, 
had not been able to give (infra III, 166 f£). In 
Kamaladdln al-Farisf s opinion, the perception 
of a rainbow is caused by the optical behaviour 
of fine transparent spherical drops close to each 
other in the air, through double refraction and 
single or double reflection of the sunlight as it 
enters into and comes out of the individual drop. 
Kamaladdln came to this conclusion after a se- 
ries of systematic experiments conducted with a 
spherical ball made of glass or rock-crystal (in- 
fra III, 166). 

One of the most significant results of 
Kamaladdln’s research in the field of optics 
known so far is his theory of the image seen 
in the pupil. Matthias Schramm 310 first noticed 
that Kamaladdln “rejected Galen’s explana- 
tion as incompatible with the principles of op- 
tics” and investigated the true state of affairs 
by means of controlled experiments. To this 
end he used a mutton eye. Doing so, “he was 
the first to establish incontestably the reflection 
from the outer surface of the lens and he gave 
an excellent explanation in terms of his theory.” 
Schramm points out that the results achieved by 
Kamaladdln are the same “as those reached by 
Johannes Evangelista Purkynje again as late as 
1823.” 

With regards to the history of reception of 
Arabic-Islamic sciences in the West, it is of par- 
ticular significance that Kamaladdln’s explana- 
tion of the phenomenon of the rainbow appears 
again with a few minor alterations in the trea- 
tise De iride et radialibus impressionibus by 
Dietrich of Freiberg (Theodoricus Teutonicus), 
a little known Dominican monk in the first dec- 
ade of the 14th century. In ignorance of — or 
perhaps ignoring — the process of reception and 

310 Zur Entwicklung der physiologischen Optik in der 
arabischen Literatur, in: Sudhoffs Archiv fur Geschichte 
der Medizin und der Naturwissenschaften (Wiesbaden) 
43/ z 959/ 289-316, esp. pp. 311-316. 



assimilation of Arabic-Islamic sciences in the 
West the physicist G. Hellmann in the year 1902 
described the presentation of the rainbow-theo- 
ry in Dietrich of Freiberg’s book as “the greatest 
achievement made in the Occident in this matter 
during the Middle Ages”. 3 " 

Not long after this rampant review ofDietrich ’s 
treatise, Kamaladdln’s work became known 
in the circles of E. Wiedemann’s disciples and 
the question of a possible connection between 
Kamaladdln and Dietrich was considered. This, 
of course, was at a time when the channels of the 
reception- and assimilation-process and its con- 
sequences were not understood as well as they 
are today. One of the explanations — proposed 
by Otto Werner 312 in his study on Leonardo da 
Vinci’s physics, from the year 1910 — is of gen- 
eral interest beyond the specific matter in ques- 
tion. It occured to Werner that Kamaladdln’s 
book must have been known in the Occident and 
was even used by Leonardo da Vinci. He also 
saw a close connection between Kamaladdln 
and Dietrich (infra III, 169 ffi). I myself have 
no doubt that Dietrich of Freiberg must have 
become acquainted with Kamaladdln’s achieve- 
ments either directly through his book or during 
a stay in the [57] Islamic world. The common 
features in fundamentals as well as details are 
so numerous that they cannot possibly be inde- 
pendent achievements. The first half of the 14th 
century is indeed to be characterised as a period 
when the sciences of the Arabic-Islamic world 
found their way quickly from Northern Africa to 
France and Italy, and from Syria, Anatolia and 
Persia directly or via Constantinople to Italy 
and Central Europe. Mediators from the cleri- 
cal orders, particularly the Dominicans, proved 
particularly able in this process of reception and 
earned great merit. 

3 " Meteorologische Optik 1000-1836, Berlin 1902 (= 
Neudrucke von Schriften und Karten iiber Meteorologie 
und Erdmagnetismus, Bd. 14), p. 8. 

312 Zur Physik Leonardo da Vincis, PhD thesis, Erlangen 
1910, p. hi. 
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In the field of medicine, a clear insight into 
the nature of infections, amongst other achieve- 
ments, calls for our attention. Several related 
treatises were written in Islamic Spain follow- 
ing the devastating plague that had infested 
the countries of the western Mediterranean 
in 749/1348. The following titles are amongst 
them: Muqni c at as-sadl c an al-marad al-hcVil 
by Muhammad b. ‘Abdallah Ibn al-Hatlb (b. 
713/13 13, d. 776/1374), 3 ' 3 Tahsll al-garad al- 
qasid fi tafsll al-marad al-wafid by Ahmad b. 
‘Ali Ibn Hatima (d. ca. 770/1369) 314 and Tahqlq 
an-naba > ( an amr al-waba’ by Muhammad 
b. ‘Ali as-Saquri (b. 727/1327). 315 The first two 
works, surviving intact, relate their authors’ ex- 
periences with the effects of contagion. The 
medical world was made aware of the impor- 
tance of Ibn al-Hatib’s treatise by Marcus Joseph 
Muller as early as in 1863 through an edition 
of the Arabic text, accompanied by its German 
translation. According to Max Meyerhof, 3 ' 6 the 
Arabic writings on the plague were far superi- 

313 v. C. Brockelmann, Geschichte der arabischen 
Litteratur, vol. 2, p. 262, suppl. vol. 2, p. 372; M. J. Muller, 
Ibnulkhatibs Bericht Uber die Pest, in: Sitzungsberichte der 
Koniglichen Bayerischen Akademie der Wissenschaften 
(Miinchen). Philosophisch-philologische Klasse 2/1863/1- 
34 (reprint in: Islamic Medicine, vol. 93, pp. 37-70). 

314 v. C. Brockelmann, op. cit. vol. 2, p. 259, suppl. vol. 
2, p. 369; a selection edited by M. al- c Arabi al-Hattabi, at- 
Tibb wa-l-atibbcVfi l-Andalus al-islamiya, Beirut 1988, vol. 
2, p. 161-186; German transl. by Taha Dinanah, Die Schrift 
von Abi Gafar Ahmed ibn ‘ Ali ibn Mohammed ibn ‘ Ali 
ibn Hatimah aus Almeriah tiber die Pest, in: Archiv fur 
Geschichte der Medizin (Leipzig) 19/1927/27-81 (reprint 
in: Islamic Medicine, vol. 92, p. 239-293); Melchor M. 
Antuna, Abenjatima de Almeria y su tratado de la peste, 
in: Religion y Cultura (El Escorial/ Madrid) 1,4/1928/68- 
90 (reprint in: Islamic Medicine, vol. 92, pp. 294-316). 

3 ' s v. Henri-Paul-Joseph Renaud, Un medecin du 
royaume de Grenade. Muhammad as-Saquri, in: Hesperis 
(Paris) 33/1946/31-64 (reprint in: Islamic Medicine, vol. 92, 
pp. 181-214). 

316 Science and medicine, in: The Legacy of Islam, ed. 
Th. Arnold, London 1931, pp. 311-355, esp. pp. 340-341 (re- 
print in: Islamic Medicine, vol. 96, pp. 99-147, esp. pp. 132- 
133); v. also Gustave E. von Grunebaum, Medieval Islam. 



or to those written in Europe between the 14th 
and 1 6th centuries. A few sentences from Ibn 
al-Hatlb may testify to this: 

“The existence of contagion is established as 
a fact by experience, research, perception, au- 
topsy and authenticated information, and those 
are the instruments of proof. Everybody who 
has seen the thing itself or gathered information 
about it knows that most of those who come into 
contact with people afflicted with the disease die 
and those with whom this is not the case remain 
healthy; furthermore that this disease occurs in 
a house or in a quarter because of a garment or 
a receptacle so that even an earring can cause 
the death of a person donning it and thus brings 
devastation upon the entire house; moreover that 
in one city the disease occurs in a single house 
and then blazes up in those individuals who 
have contact with the sick person, then in the 
neighbours and relatives and especially among 
those who [58] pay visits to the house of the sick 
person, so that the breach becomes wider and 
wider; furthermore that the population of sea 
ports enjoys perfect health until an infected man 
arrives from another country where the plague 
prevails notoriously and the date of the outbreak 
of the disease in the town coincides with the 
date of his arrival.” 3 ' 7 

We encounter further evidence on the 
progress in medical science of those days in 
the Arabic-Islamic culture area in the compre- 
hensive ophthalmologic textbook by Sadaqa b. 
Ibrahim al-Misri as-Sadill (2nd half 8th/i4th 
c.) entitled al- c Umda al-kuhllya fi l-amrad al- 
basariya . 3 ' 8 In the sixth chapter of the first part 
concerning “the dissimilarity of animals’ eyes 
and the human eye and the peculiar features of 
the latter,” 3 ' 9 J. Hirschberg found “the nucleus 

A study in cultural orientation, 2nd ed., Chicago 1961, pp. 
335-336. 

3 ’ 7 Translation by M. J. Muller, op. cit., pp. 18-19 ( re_ 
print pp. 54-55), with slight modifications 

318 v. C. Brockelmann, op. cit. vol. 2, p. 137, suppl. vol. 
2, p. 170. 

319 Geschichte der Augenheilkunde, vol. 2: Geschichte 



54 



SCIENCE AND TECHNOLOGY IN ISLAM 



of comparative anatomy and physiology of the 
visual organ” which was only to be found in sci- 
entific form in the textbooks of ophthalmology 
in the second half of the 19th century (infra IV, 

I 7)- 

Finally from the field of medicine we should 
mention the Persian Tanksuqnama-i Ilhani dar 
funun-i c ulum-i hitaf, written at the beginning of 
the 8th/ 1 4th century and dealing with “Chinese 
sciences”. Its author was the Ilhanid grand vi- 
zier Rasldaddln Fadlallah b. Tmadaddaula (b. 
ca. 645/1247, d. 7 1 8/1 3 1 8). 320 The book con- 
tains “not only an adequate account of lost 
books, but also provides an extremely arresting 
picture of this great vizier’s vast horizon and in- 
terests . . . According to the characterisation giv- 
en in the introduction of the four predominantly 
medico-pharmaceutical books summarised in 
the ‘Tanksuqname’, the extant book turns out to 
be a Persian translation of a partly rhymed ana- 
tomical work which, after its supposed Chinese 
author, is here given the title ‘Wang Shu-ho’. It 
is, however, not the classical Mo-ching by the 
famous physician Wang Shu-ho (265-317 CE), 
but a work called Mo-chueh, which deals with 
the modalities of pulse observations and the 
anatomy of the most important human organs. 
It originated in northern China at the time of 
the Kin-dynasty (1122-1234). With its numer- 
ous illustrations which undoubtedly go back to 
a Chinese original, the alleged ‘Wang Shu-ho’ 
is the oldest authentic example of a ‘graphic 
Chinese anatomy’ in the Near East, indeed in 

der Augenheilkunde im Mittelalter, Leipzig 1908 (= Graefe- 
Saemisch, Handbuch der gesamten Augenheilkunde, 
vol.13), pp. 156-159. 

j2 ° The only surviving manuscript dating from 
Rasidaddin’s time is kept in Istanbul, Ayasofya 3596 (264 
ff., 713 H.), facsimile edition by Mugtaba Minuwl, Tehran 
1972; Karl Jahn, The still missing works of Rashid al-Din, 
in: Central Asiatic Journal (Wiesbaden) 9/1964/113-122; 
idem, Wissenschaftliche Kontakte zwischen Iran und 
China in der Mongolenzeit, in: Anzeiger der Philologisch- 
historischen Klasse der Osterreichischen Akademie der 
Wissenschaften (Wien) 106/1969/200-211. 



the entire western world.” The third book deals 
partly with drugs of ancient China and partly 
with other pharmaceuticals in the form of a drug- 
manual. To it Rasldaddln Fadlallah, who was a 
physician by profession, supplied an appendix 
with “tables of Chinese drugs unknown to the 
Greeks, with a precise description of their usage 
and efficacy in the form of a book.” 321 

[59] In the field of geography, interesting evi- 
dence survives from the 8th/ 14th century to dem- 
onstrate that the mathematical representation 
of the surface of the Earth and its cartographic 
depiction, fostered in the Arabic-Islamic world 
in the preceding centuries, reached a new level 
of quality. From the western part of the Islamic 
world we know the important table of coordi- 
nates, comprising 97 localities, by the astrono- 
mer and mathematician Muhammad b. Ibrahim 
Ibn ar-Raqqam (d. 715/13 15) of Murcia. The 
table shows that the fundamental correction of 
the longitudes, carried out in Andalusia and the 
Maghrib, had by that time been extended to a 
larger part of the oikoumene and that the length 
of the grand axis of the Mediterranean has been 
reduced to 44 0 and, consequently, is only 2° too 
long compared to modem values. Of course, the 
correction was not restricted to the length of the 
grand axis. It is apparent in the distances be- 
tween the western border of the oikoumene and 
the places east of Baghdad as well. Other extant 
tables with significant corrections to the longi- 
tudes allow the assumption that these tables en- 
joyed a wide dissemination. One such table was 
discovered in Latin translation by the Spanish 
Arabist I. Millas Vallicrosa in the middle of the 
20th century and is of particular interest in this 
context. It was most probably composed in the 
east Andalusian town of Tortosa (Turtusa), and 
it is surprising in that the reduction of longi- 
tudes has now been implemented for Baghdad 
as the prime meridian, even for the places in 
the west. This table has also reached us in a 

321 K. Jahn, Wissenschaftliche Kontakte zwischen Iran 
und China in der Mongolenzeit, op. cit., pp. 201-203. 
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Portuguese version. It contains the coordinates 
of 3 1 places in Spain, Western Europe and the 
western Mediterranean. Although it is not free 
from spelling errors and misreadings, it pro- 
vides important evidence of the great advances 
made in Western Europe not least with regard to 
Arab-Spanish cartography. London can be taken 
as an example. According to this table the co- 
ordinates for London, reckoned from Baghdad, 
are Long 42 0 , Lat 48° (modem values Long 
44°26' and Lat 5i°3o'). The difference in longi- 
tude between London and Baghdad (Babylon) 
in Ptolemy shows an error of 18 0 , with the 
Ma’mun geographers it was still 9 0 , whereas in 
this table the deviation is merely 2°26'. Further 
examples can be found in my Geschichte des 
arabischen Schrifttums ; 322 here I would like to 
emphasise that these corrections, essential for 
the history of mathematical geography, have so 
far remained completely unknown and thus did 
not play any part in the discussion on the origin 
of the new maps which emerged in Europe from 
the turn of the 13 th to the 14th century. 

In the process of the mathematical survey of 
the areas to the west of Baghdad, Asia Minor, 
which was under Byzantine rule, and the Aegean 
remained for a long time outside the reach of 
Arabic-Islamic geographers and astronomers. 
As far as we know now, this situation appears to 
have started to change from the end of the 6th/ 
1 2th century. Surprisingly accurate and detailed 
maps of those areas and of the Black Sea begin 
to appear in Europe almost suddenly from the 
turn of the 13 th to the 14th century; for example 
Giovanni da Carignano’s map. 323 These maps can 
only be regarded as the result of astronomical 
observations and geodetic measurements made 
on location, over a long period of time and with 
governmental support. We know of some sparse 
coordinates of Asia Minor which seem to have 
been determined under Islamic rule in the 7th/ 
13th century at the latest. Yet only an [60] early 

322 v. F. Sezgin, op. cit vol. 10, p. 167. 

323 v. ibid, vol. 10, pp. 332-337. 



Ottoman table, probably from the first half of 
the 8 th/ 1 4th century, provides us with the coor- 
dinates of 15 1 localities, an eighth of which are 
in Asia Minor; this table is found in the treatise 
on astrolabes by one 'Abdalhallm b. Sulaiman at- 
Tuqati. 324 The table documents the early partici- 
pation of Ottoman scholars in the elaboration of 
the graticule, at least in Anatolia. It also justifies 
the assumption that by that time fairly accurate 
results were achieved in the mathematical survey 
of Asia Minor. The same accuracy is found also 
in the table’s coordinates for the Mediterranean. 
We observe, for instance, that the longitudinal 
difference Rome — Constantinople and Rome — 
Alexandria deviate surprisingly little from the 
modem values. Regarding the west-east and 
north-south dimensions of Anatolia we may 
refer to at-Tuqati’s values for Constantinople 
and for Ahlat, the easternmost place in Anatolia. 
The longitudinal difference differs only by i°29' 
from the modem value, and the latitude even by 
a mere 2'. In order to give the reader an ade- 
quate idea of the significance of these values de- 
termined in the 8th/ 14th century, we may men- 
tion that the actual longitudinal and latitudinal 
difference between these cities was established 
only in the 20th century. 

Arabic and Persian writings of the first half 
of the 8th/i4th century yield so many relevant 
documents and data that we must assume that 
many local cartographers and geographers took 
for granted that in the making of accurate maps 
precise coordinates in longitude and latitude 
were indispensable. One of the most important 
examples known to me at this time involves the 
universal scholar Rasldaddin, whose work on 
Chinese medicine was mentioned above. His 
secretary, who was responsible for bringing the 
master’s books in the desired form, states that 
Rasidaddin’s geographical work described the 
seven climata, the parts of the known world, the 
seas and oceans, mountains, valleys etc. along 
with the degrees of longitudes and latitudes 

324 v. F. Sezgin, op. cit. vol. 10, pp. 180-181. 
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found in the corresponding books, that the data 
were verified and that information was gathered 
from experts on the various countries in order 
that the data did not deviate from reality. We 
also learn that due to the size of the maps an 
extraordinarily large format was chosen for the 
book, since the maps “following the methods 
of the experts” were to be made “as clear and 
as comprehensible as possible” and “the places 
were also to be drawn onto the map as precisely 
as possible.” 325 

It is a pity that the cartographic material 
surviving from this period in the original lan- 
guages — Arabic and Persian — is confined to a 
sketchy map covering the area from Anatolia 
to Central Asia included in the book Nuzhat al- 
qulub by the Persian geographer and historian 
Hamdallah al-Mustaufi (d. ca. 740/1340). The 
map 326 stretches in length from 63° to 112 0 and 
in latitude from 16 0 to 45 0 north of the equa- 
tor. The names of about 1 20 localities are placed 
within an orthogonal graticule. The user can 
read the coordinates from scales framing the 
map. The significance of this map lies in the fact 
that the graticule is based on the integrated west- 
east longitudes — according to the above men- 
tioned (p. 43 ff.) astronomers in Maraga — reck- 
oned from the prime meridian at 2 8 “3 o' west of 
Toledo. What’s more, the longitudes (leaving 
aside obvious slips), approach modem values 
up to 3 0 or 4 0 . 

[61] One of the important contributions by 
the Arabic-Islamic world in the field of geogra- 
phy is the extensive travelogue by Muhammad b. 
‘Abdallah Ibn Battuta (b. 703/1304, d. 770/1369), 
who hailed from Tangiers in Morocco. Aged 22 
he left his native town bound for Mecca, visited 
Alexandria and Cairo, went up the Nile to Syene 
(now Aswan), from there to Syria and Palestine, 

321 v. Etienne Quatremere, Raschid-eldin. Histoire des 
Mongols de la Perse, Paris 1836 (reprint Amsterdam 1968), 
introduction pp. CXLVIII, CLX; F. Sezgin, op. cit. vol. 
10, p. 314. 

v. F. Sezgin, op. cit. vol. 10, pp. 200-210; vol. 12, No. 

16a. 



crossed Arabia up to Mecca, turned towards 
East Africa and reached Mozambique, visited 
Asia Minor and Byzantium, southern Russia (up 
to the 55 0 northern Lat.), Central Asia, India, 
the Malay peninsula and China, made extended 
sojourns and visited certain places repeatedly. 
After 24 years he returned to Tangiers. A sec- 
ond journey took him to Andalusia, a third to 
Northern Africa. With his travels lasting all in 
all 27 years, Ibn Battuta was, in the words of 
Richard Hennig 327 “in fact the greatest world 
traveller in all Antiquity and Middle Ages.” 
Through Ibn Battuta’s gift for keen observation 
and his highly developed sense for matters of 
historical geography, anthropology and cultural 
history, his extensive travelogue became an in- 
valuable document in the history of geography 
(cf. infra III, 8). 

Historiography in the 8th/i4th century 
brought forth numerous world chronicles, mu- 
nicipal and local histories, large-scale bio- 
graphical dictionaries covering either the entire 
Islamic period or merely the present century, 
and various other writings; I shall confine my- 
self to mentioning one world history and three 
encyclopaedias. The world history in question 
is the monumental Gami c at-tawarlh by the 
above mentioned universal scholar Rasidaddin 
Fadlallah (d. 718/1318, infra, p. 157 ff.). It was 
begun in the year 700/1301 by commission of 
the Ilhan Gazan as a history of the Mongols 
and the Turks; a few years later it was extended 
into a universal history according to the desire 
of Olgeitii, the brother and successor of Gazan, 
and was completed in 710/13 11. The first vol- 
ume deals with the history of Cenglz Han and 
his successors in East and West Asia, as well as 
with the Turkish and Mongol tribes. The second 
volume deals at length with the history of the 
nations that came into contact with the Mongols. 
It begins with the pre-Islamic Iranian empires, 
followed by the history of the Muslim proph- 
et and caliphs, Islamic dynasties in Persia, the 

” 7 Terrae incognitae, vol. 3, Leiden 1953, p. 213. 
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Oghuzs, Turks, Chinese, Jews and Franks, and 
lastly India, with emphasis on Buddhism. The 
third volume devoted to geography is lost. 

Rasidaddin’s book was of course not the first 
universal history produced in the Arabic-Islamic 
culture area on the history and culture of for- 
eign nations, together with those in the Islamic 
world. It had numerous precursors like Murug 
ad-dahab, Ahbar az-zaman and Kitab al- ‘Aga’ib 
by ‘Ali b. al-Husain al-Mas c udi (d. 345/956 
or 346), 328 al- ( Unwan al-kamil by Mahbub b. 
Qustantin al-Manbigi (ca. 350/961), 329 Tawdrih 
sinl muluk al-ard wa-l-anbiyd 3 by Hamza b. al- 
Hasan al-Isfahani (d. before 3 60/970), 330 al-Atar 
al-baqiya min al-qurim al-haliya (on the eras 
and festival calendars of the Greeks, Romans, 
Persians, the inhabitants of Soghdia, Hwarizm 
and Harran, the Copts, other Christians and the 
Jews) and Tahqlq mb li-l-Hind by Abu r-Raihan 
Muhammad b. Ahmad al-Biruni (d. 440/1 048) 331 
and many more written before, not to mention 
those after Rasidaddin. 332 [62] However, in his 
work on the Mongols and nations that came in 
contact with them, Rasldaddln wanted to take 
a “new path” by “availing himself of the origi- 
nal historical sources of the respective nations 
themselves.” 333 This he seems to have accom- 
plished, at least in the Mongol history. The air 
of sobriety and objectivity pervading the whole 
work reminds us of al-Biruni’s Chronicle (al- 
Atar al-baqiya ) and his book on India ( Tahqlq 
ma li-l-Hind) mentioned above. The latter in 
particular has earned its author a unique position 
in cultural history, as the book not only leaned 
upon local sources, but was written on the basis 

v. F. Sezgin, op. cit. vol. 1, pp. 332-336. 

329 Ibid, vol. 1, p. 338. 

330 Ibid, vol. 1, p. 336. 

331 Ibid, vol. 6, pp. 270-271. 

332 v. Franz Rosenthal, A history of Muslim historiogra- 
phy , Leiden 1952, pp. 114-130. 

333 Karl Jahn, Die Erweiterung unseres Geschichtsbildes 
durch Rasid al-Din, in: Anzeiger der Osterreichischen 
Akademie der Wissenschaften, Philologisch-historische 
Klasse (Wien), 107/1970 (1971)/ 139-149 , esp. 143. 



of observations made by the author himself dur- 
ing a long stay in India and of insights gained in 
direct contact with the people. 

The earliest large scale encyclopaedias also 
appeared in the first half of the 8th/ 14th centu- 
ry. The initial one is entitled Manahig al-fikar 
wa-mabahig al-Hbar 334 and was written by 
Gamaladdin Muhammad b. Ibrahim al-Kutubi 
al-Watwat (b. 632/1235, d. 718/13 18). 335 The 
work comprises the areas heaven and earth, 
animals and plants, and by its character testi- 
fies to the predominantly literary inclinations of 
its author. Inspired by this work, the Egyptian 
historian Sihabaddin Ahmad b. ‘Abdalwahhab 
an-Nuwairi (b. 677/1279, d. 732/1332) wrote 
his encyclopaedia Nihayat al-arab fi funun al- 
adab 336 , conceived in 30 volumes with the aim 
of collecting the knowledge expected of a cul- 
tivated secretary or government official. The 
inclusion of history as a separate, new topic of- 
fered the opportunity to cover all human affairs 
and achievements in the book; but an-Nuwairi 
not only increased the number of topics (funun) 
compared to his predecessor, he also made a 
new arrangement of the material: 1. heaven and 
earth, 2. man, 3. animals, 4. plants, 5. history. 
This encyclopaedia leads us to many traces of 
sources otherwise lost and it is one of the best 
textbooks on the history of that time. 

The third encyclopaedia which appeared 
in this century is entitled Masalik al-absar 
fi mamalik al-amsar and was written by 
Sihabaddln Ahmad b. Yahya al- c Umari (b. 



334 Facsimile edition in 2 vols., Frankfurt, Institut fur 
Geschichte der Arabisch-Islamischen Wissenschaften 
1990. 

335 v. C. Brockelmann, op. cit. vol. 2, pp. 54-55, sup- 
pi. vol. 2, pp. 53-54; F. Sezgin, preface to the facsimile 
edition. 

336 v. C. Brockelmann, op. cit. vol. 2, pp. 139-140, sup- 
pl.-vol. 2, pp. 173-174; I. Kratschkowsky in: Encyclopaedie 
des Islam, vol. 3, Leiden 1936, pp. 1045-1047; Mounira 
Chapoutot-Remadi in: Encyclopaedia of Islam. New edi- 
tion, vol. 8, Leiden 1995, pp. 156-160 
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700/1301, d. 749/1349). 337 It was composed be- 
tween 741/1341 and 749/1349 when its author 
was head of the chancery in Damascus. It is 
possible that Ibn Fadlallah conceived the idea 
of creating his own encyclopaedia during his so- 
journ in Cairo, where he stayed until 740/1339. 
There he could have become acquainted with an- 
Nuwairi’s work which already enjoyed tremen- 
dous popularity. Yet the book of Ibn Fadlallah 
is different from that of his predecessor in its 
aim, structure, and content. Perhaps the Masalik 
al-absar could be labelled an anthropogeo- 
graphical encyclopaedia. Its title (“Routes to- 
ward Insight into the Capital Empires”) is also 
in accord with this. The first four of its twenty- 
seven volumes are devoted to geography. [63] 
All the other volumes deal with the intellectual 
achievements of humankind and its environ- 
ment. Even though the entire work leaves the 
impression of a not yet fully fledged concept of 
an encyclopaedia, with its rich contents, it is one 
of the most significant literary achievements of 
the century, often going back to otherwise lost 
sources, and at the same time relating state of 
the art contemporary knowledge. In my opinion, 
the world map, the three sectional maps and the 
abundant text fragments from the Ma’mun ge- 
ography contained therein belong to the most 
important known documents in the history of 
geography and cartography. 338 

After the encyclopaedias of the 8 th/ 14th 
century, we now turn to a work that reflects the 
maturity of the period, being one of the greatest 
intellectual accomplishments of Arab-Islamic 
culture. It is the Muqaddima, the “Introduction” 
to history by ‘Abdarrahman b. Muhammad 
Ibn Haldun (b. 732/1332, d. 808/1406). 339 The 

337 C. Brockelmann, op. cit. vol. 2, p. 141, suppl. vol. 2, 
pp. 175-176; for further bibliographical data v. the preface 
to the facsimile edition. 

Facsimile edition in 27 volumes, Frankfurt, Institute 
for the Flistory of Arabic-Islamic Sciences 1988-1989, in- 
dices in three volumes, ibid, 2001. 

” 9 Born in Tunis, he held high offices in Fez, 
Granada, Tlemcen, Tunis and Cairo, where he died, v. 



Muqaddima, written after the world chronicle al- 
( Ibar wa-diwan al-mubtada 3 wa-l-habar dedicat- 
ed to the Merinid ruler Abu Faris 'AbdaTaziz 
(reign. 768/1366-774/1372), was completed 
in the year 779/1377. It drew the attention of 
Arabists and non- Arabists after the two scholars 
Antoine-Isaac Silvestre de Sacy 340 and Joseph 
von Hammer-Purgstall 341 had drawn attention 
to its contents at the beginning of the 1 9th cen- 
tury. Particular interest was aroused in scholarly 
circles by Hammer-Purgstall referring to Ibn 
Haldun as the “Arabic Montesquieu”. 342 In his 
work known as Prolegomena in the west, im- 
portant fundamental ideas were discovered and 
commented upon with admiration: ideas con- 
cerning sociology, philosophy of history, eco- 
nomics, geography, anthropology, psychology 
and the history of sciences. Quite frequently Ibn 
Haldun is seen as the founder of sociology and 
the philosophy of history. Others find the basic 
problems of all branches of science addressed in 
his work. Regarding its treatment of the science 
of politics, the Muqaddima was compared to II 
principe by Niccolo Machiavelli (d. 1527). 343 

In the field of military technology, the devel- 
opment of firearms, initiated in the preceding 

C. Brockelmann, op. cit. vol. 2, pp. 242-245, suppl. vol. 
2, pp. 342-344; Alfred Bel in: Enzyklopaedie des Islam, 
vol. 27, Leiden and Leipzig 1927, pp. 419-421; G. Sarton, 
Introduction to the history of science, vol. 3, part 2, pp. 
1767-1779; M. Talbi in: Encyclopaedia of Islam. New edi- 
tion, vol. 3, Leiden and London 1971, pp. 825-831; Franz 
Rosenthal in: Dictionary of Scientific Biography, vol. 7, 
New York 1973, pp. 320-323 

340 v. his article Ibn-Khaldoun, in: Biographie uni- 
verselle (Michaud) vol. 21, Paris, shortly after 1811, pp. 
268-270. 

341 Sur V introduction a la connaissance de Vhistoire. 
Celebre ouvrage arabe d’Ibn Khaldoun, in: Journal 
Asiatique (Paris) 1/1822/267-278. 

34 ‘ Uber den Verfall des Islams nach den ersten drei 
Jahrhunderten der Hidschrat, Wien 1812 (not seen), v. G. 
Sarton, op. cit. vol. 3, part 2, p. 1776. 

343 v. Allan H. Gilbert, Machiavelli’s “Prince” and its 
forerunners, Durham, N. C. 1938, p. 280 (not seen, v. G. 
Sarton, op. cit. pp. 1769,1775). 
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century, continued through the 8th/i4th century. 
In an anonymous book on the technology of 
warfare, which is kept in the Asiatic Museum 
(Institut Narodov Azii) in Petersburg 344 and 
probably belongs to the first half of the 8th/i4th 
century, a combined thrusting weapon and hand 
gun is described which consists of a hollowed 
out lance that also serves for shooting a missile 
driven by the force of gunpowder. [64] It seems 
that this type of hand gun reached Europe at the 
turn of the 8th/i 4th to the 9 th / 1 5 th century (infra 
V, 133). Besides this, in the same St. Petersburg 
manuscript we find the illustration of a firearm 
which appears to be a kind of mortar; however, 
the illustration does not match the description in 
the text. It is possible that the illustration depicts 
yet another mortar-like weapon, different from 
the one in the description (ibid). 

The earliest mention of a steel crossbow 
known so far dates back to the first half of the 
8th/i4th c. as well (infra V, 96). In all probability, 
Europe became acquainted with this as early as 
at the turn of the 8th/i4th to the 9th/i 5 th century. 
The earliest reference to the use of steel cross- 
bows in Europe dates from the year 143 5. 345 

The 9th/15th century 

According to the provisional state of our 
knowledge, scientific activities were still intact 
in all fields and throughout the Islamic world 
in the 9th/ 15 th century. The new cultural cen- 
tres emerging in the Seljuk dominions founded 
since the 6th/ 12th century in Anatolia and in the 
Ottoman empire which began to expand from 
the beginning of the 8th/ 14th century contribut- 
ed substantially to this. Of the numerous works 
surviving from that century and kept in libraries 
as manuscripts, only a small fraction has been 

j44 Current accession number C 686 with the title al- 
Mahzun fi gamf al-funun (infra V, 100). 

34:> v. G. Kohler, Die Entwickelung des Kriegswesens 
und der Kriegfiihrung in der Ritterzeit von der Mitte 
des 11. Jahrhunderts bis zu den Hussitenkriegen, vol. 3, 
Breslau 1887, pp. 181-182 



published yet and even fewer have been stud- 
ied. In this connection, we may point to the out- 
standing activities in the field of astronomy and 
mathematics during the first half of the century 
in Transoxania which are connected with the 
name of the statesman Ulug Beg Muhammad 
Turgay (b. 796/1394, d. 853/1449). He turned 
Samarqand into what his grandfather Timur had 
envisioned, i.e. the centre of Islamic civilisa- 
tion of his times. 346 This prince who was filled 
with enthusiasm for the sciences in his youth 
had received a sound education in theology, his- 
tory, poetry and other subjects; long before his 
ascent to power he invited many famous schol- 
ars to Samarqand, including Giyataddln Gamsld 
b. Mas c ud al-KasI (d. 832/1429) and Qadlzade 
RumI (d. ca. 840/1436). Of the institutions 
which he founded there, the most important was 
without doubt the monumental observatory — 
inspired by its foreru nn er in Maraga — where 
he himself worked alongside the scholars men- 
tioned above. The younger scholar c Ala 5 addm 
‘All b. Muhammad al-Qusgi (d. 879/1474) also 
contributed to the construction and the further 
development of the observatory in Samarqand. 
Judged by the extant remains, the radius of the 
scale, built according to the principle of the Fahri 
sextant in Rayy (4th/ioth century, infra II, 25), 
measured about 30 m. Most of the results of the 
observations made at the observatory 347 were in- 
corporated into the book of tables, Zlg-i Sultani, 
composed by Ulug Beg himself. In Europe John 
Graves draw attention to this fact as early as in 
the middle of the 17th century. 348 



,46 Rene Grousset, Histoire de I’Asie, vol. 3, Paris 1922, 
p. 127 (not seen, v. L. Bouvat in: Encyclopaedie des Islam, 
vol. 4, Leiden and Leipzig 1934, p. 1077). 

347 v. Edward S. Kennedy, The heritage of Ulugh Beg, 
in: Science in Islamic Civilisation, Istanbul 2000, pp. 

97 'L°8 9 ' 

Johannes Gravius, Bince tabulce geographies, una 
Nassir Eddini Persce, altera Ulug Beigi Tatari, London 
1652 (reprint in: Islamic Mathematics and Astronomy, vol. 
50, pp. 1-79). 
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Amongst the noteworthy astronomical 
achievements of this century are also the exten- 
sive tables by Giyataddln al-KasI entitled Zig-i 
Haqani, which the author compiled at Herat 
in 816/1413, even before the foundation of the 
Samarqand observatory. [65] Its geographical 
table shows a remarkable increase in the coor- 
dinates from Transoxania. 

In the history of the development of astro- 
nomical instruments al-KasI occupies quite an 
important position as well. In his treatise on as- 
tronomical instruments he deals primarily with 
those of the observatory in Maraga (infra II, 3 8 
ff); besides this, we should also mention a sepa- 
rate work entitled Nuzhat al-hadcfiiq 349 in which 
he describes the two instruments which he calls 
tabaq al-manatiq and lauh-i ittisalat. The former 
to our knowledge represents the ultimate stage 
in the development of an instrument called zig-i 
safafh invented in the first half of the 4th/ioth 
century by Abu Ga c far al-Hazin; this instrument 
was meant to determine mechanically the true 
position of a planet on the ecliptic at any given 
time, largely without the use of astronomical 
tables (supra p. 20). As mentioned above the 
original version of this instrument had found 
its way to Muslim Spain rather early on. The 
treatises written on it by Asbag b. Muhammad 
Ibn as-Samh al-Gamatl (d. 426/1035) and Abu 
s-Salt Umaiya b. ‘Abdal'aziz al-Andalusi (d. 
528/1134), as well as the description of a sub- 
stantially improved form of the instrument by 
Ibrahim b. Yahya az-Zarqall (2nd half 5th/i ith 
c.), reached the non-Spanish Occident in the sec- 
ond half of the 1 3 th century at the latest through 
their translation into Castilian in the Libros del 
saber de astrononua. The most advanced fea- 
ture of al-Kasi’s instrument is his central ali- 
dade with a graduated parallel ruler with which 
the essential operations can be carried out by 

,49 MS Princeton University, Garrett collection no. 75, 
edited with an English translation by Edward S. Kennedy, 
The planetary equatorium of Jamshid Ghiyath al-Dln al- 
Kashl (d. 1429k Princeton NJ i960. 



projection of simple markings, e.g. by placing 
it through the centre of a given deferent in or- 
der to find the true centre of the epicycle on the 
deferent at a given time. 350 From the fact that al- 
Kasi’s instrument shows a close similarity to the 
equatoria of G. Marchioni 351 (written in 1310) 
and to the one ascribed to Geoffrey Chaucer 352 
(d. ca. 1400), I conclude that the latter two must 
have become acquainted with an older eastern 
specimen which was the model for al-Kasi’s 
instrument as well. As far as the second instru- 
ment, lauh-i ittisalat, the “conjunction plate,” 353 
is concerned, it was meant to serve for the me- 
chanical computation of the expected days of 
conjunction of two planets on the basis of the 
differences, calculated beforehand, between the 
longitudes of each and the known differences 
between the distances traversed daily by the 
planets on their respective orbits. This type of 
computation device (made of wood or brass) is 
otherwise unknown. 

In theoretical astronomy we shall also men- 
tion the interesting model for the planet Mercury 
developed by the above-mentioned c Ala 5 addin 
‘All al-Qusgl (d. 879/1474) which came to light 
just a few years ago. 354 

[66] In the field of mathematics, research has 
revealed many important achievements in the 

M ° Derek J. Price, The equatorie of the planetis, 
Cambridge 1955, p. 131. 

351 v. Emmanuel Poulle, Les instruments de la theorie 
des planetes selon Ptolemee: Equatoires et horlogerie 
planetaire du XHIe au XVIe siecle, vol. 1, Geneva and 
Paris 1980, pp. 192, 260 ff. 

352 Derek J. de Solla Price in: Isis (Baltimore, Ma) 
54/1963/153 (review of E. S. Kennedy’s edition of al- 
Kasi’s work); idem, Chaucer, in: Dictionary of Scientific 
Biography, vol. 3, pp. 217-218. 

m v. E. S. Kennedy, The planetary equatorium, op. cit. 
pp. 78-161, 238-243. 

354 v. George Saliba, Al-Qushji s reform of the Ptolemaic 
model for Mercury, in: Arabic Sciences and Philosophy 
(New York) 3/1993/161-162; idem, Arabic planetary theo- 
ries after the eleventh century AD, in: Encyclopedia of the 
History of Arabic Science, vol. 1, London and New York 
1996, pp. 58-127, esp. pp. 123-125. 
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works of Giyataddin al-Kasi analyzed so far; in 
many cases they represent the ultimate stage of 
development in the Arabic-Islamic culture and 
found their way to Europe several centuries later 
or had to be discovered again. Only a few exam- 
ples shall be mentioned here. 

In the history of algebra, al-Kasi holds a spe- 
cial position through his in-depth study of equa- 
tions of the fourth order. From a brief discus- 
sion of the subject in his “Key to Mathematics”, 
Miftah al-hisab , 355 we learn that he knew 70 
types (or 6 ^f s6 of equations of the fourth degree 
and that he planned to treat them in a separate 
volume. It is presently unknown whether he 
actually found the time to do so or, if he did, 
whether the work is extant. 

In this connection we may mention that in his 
Miftah al-hisab al-Kasi gave some interesting 
examples of his treatment of the rules of sum- 
mation of arithmetical and geometrical series of 
higher degrees. His summation of the series of 
the fourth degree reminds us of the achievement 
by his predecessor Ibn al-Haitam four hundred 
years earlier. However, al-Kasi arrived at the re- 
sult in his own masterly way. 357 

Historians of mathematics in the later part 
of the 19th century were surprised when Franz 
Woepcke 358 published the result of his research 
to the effect that Giyataddin al-Kasi had used 
a very accurate method of approximation while 
calculating sin i°, the like of which the Occident 

^rr _ 

Ed. Ahmad Sa'id ad-Damirdas, Muhammad Hamdi 
al-Hifni, ‘Abdalhamld Lutfi, Cairo, s.a., p. 199; ed. Nadir 
an-Nabulusi, Damascus 1977, pp. 413-414. 

356 v. A. P. Juschkewitsch, op. cit. p. 268; F. Sezgin, op. 
cit. vol. 5, p. 68. 

357 v. A. P. Juschkewitsch, B. A. Rosenfeld, Die 
Mathematik der Lander des Ostens im Mittelalter, op. cit. 
p. 90; F. Sezgin, op. cit. vol. 5, p. 68. 

358 Passages relatifs a des sommations de series de cu- 
bes extraits de deux manuscrits arabes inedits du British 
Museum de Londres, in: Journal de mathematiques pures 
et appliquees (Paris) 2e serie, 10/1865/83-116, esp. pp. 112- 
116 (reprint in: Islamic Mathematics and Astronomy, vol. 
44, pp. 105-138, esp. pp. 134-138); F. Sezgin, op. cit. vol. 5, 
p. 63. 



only came to know from Fran?ois Viete (1540- 
1603). 359 

For the calculation of the daily movements 
of the planets al-Kasi used a method of itera- 
tion. Although we already know the application 
of the iteration method from earlier scholars in 
connection with the computation of the lunar 
parallax, it occurs for the first time as a bona 
fide mathematical problem in al-Kasi ’s work. 360 

Al-Kasi’s outstanding result in the men- 
suration of the circle has been known to the 
historiography of mathematics for fifty years. 
He criticises the results of his predecessors 
Archimedes, Abu 1 -Wafa’ and al-Blruni and 
their methods. He himself calculates the ratio 
circumference and diameter of a circle with the 
help of an inscribed and circumscribed poly- 
gon each with 3-2 28 =8oo335i68 sides and thus 
arrives at 71=3,14159265358979325. Prior to 
Paul Luckey 361 making known this achievement, 
Johannes Tropfke 362 had stated that only with 
F. Viete and Adriaan van Roomen (1561-1615) 
had a “new, lustrous era” begun for the mensu- 
ration of the circle “in which through ever more 
precise calculations the approximation to the 
true value had been improved to an unexpected 
extent”. With a method involving polygon cal- 
culation, Viete [67] established the value for jt 
up to nine decimal points, von Roomen up to 
fifteen. Al-Kasi in his days had already come up 
to seventeen decimal points. 

In connection with the calculation of chords, 
al-Kasi arrived at the trigonometric formula 363 

359 v. F. Sezgin, op. cit. vol. 5, p. 65. 

360 v. E. S. Kennedy, A medieval interpolation sche- 
me using second order differences, in: A Locust’s Leg. 
Studies in honour of A. H. Taqizadeh, London 1962, pp. 
117-120; F. Sezgin, op. cit. vol. 5, p. 65. 

361 Der Lehrbrief iiber den Kreisumfang (ar-Risala 
al-Muhitiya) von Gamsid b. Mas'iid al-Kasi, Berlin 1953 
(reprint in: Islamic Mathematics and Astronomy, vol. 56, 
pp. £27-329). 

’ ‘ Geschichte der Elementar-Mathematik, op. cit. vol. 
4, pp. 215-216; F. Sezgin, op. cit. vol. 5, p. 66. 

363 v. P. Luckey, Der Lehrbrief iiber den Kreisumfang, 
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which is known in the West under the name of 
Johann Heinrich Lambert (1728-1777): 

sin{ 45°+^)^ 

Al-Kasi also holds a distinguished position in 
the history of decimal fractions. Here the Arabic 
mathematician al-Uqlidisi (4th/ioth c.) was his 
eminent predecessor (supra p. 2 1). Yet al-Kasi 364 
was the first to treat the subject systematically. 
To our knowledge, decimal fractions only came 
to be commonly used in the Islamic world after 
al-Kasi. In Europe, decimal fractions were intro- 
duced by the Jewish mathematician Immanuel 
Bonfils (mid 14th c.). 365 How he got into this po- 
sition has yet to be explained. However, accord- 
ing to Juschkewitsch, 366 his brief sketch was “ut- 
terly insignificant compared with al-Kasi’s treat- 
ment of decimal fractions.” There can hardly be 
any doubt that al-Kasi’s algorithm of decimal 
fractions must soon have reached Asia Minor 
and Constantinople through his disciples and 
successors or even through Byzantine travellers 
to Persia. In this connection we shall mention 
a surviving 15 th century Byzantine arithmetic 
book 36/ whose anonymous author knows how 
to reckon with decimal fractions and mentions 
that the Turks ruling the former Byzantine do- 

op. cit. p. 49 (reprint p. 283); F. Sezgin, op. cit. vol. 5, p. 
66 . 

364 v. P. Luckey, Die Rechenkunst bei Gamsid b. Mas c ud 
al-Kasi mit Riickblicken auf die dltere Geschichte des 
Rechnens, Wiesbaden 1951, pp. 102-114 (reprint in: Islamic 
Mathematics and Astronomy, vol. 56, pp. 75-225, esp. pp. 
184-196). 

365 v. S. Gandz, The invention of the decimal frac- 
tions and the application of the exponential calculus by 
Immanuel Bonfils of Tarascon (c. 1350), in: Isis (Bruges) 
25/1936/16-45; P. Luckey, Die Rechenkunst bei Gamsid b. 
Mas‘ud al-Kasi, op. cit. p. 120-125 (reprint op. cit. pp. 202- 
207); F. Sezgin, op. cit. vol. 5, pp. 67-68. 

366 A.P. Juschkewitsch, op. cit. p. 241. 

367 v. H. Hunger, K. Vogel, Ein byzantinisches 
Rechenbuch des 15. Jahrhunderts. Text, Ubersetzung und 
Kommentar, Vienna 1963, p. 33; F. Sezgin, op. cit. vol. 10, 
p. 245. 



minions commonly used such operations. The 
first systematic treatment of decimal fractions 
in Europe appeared in the small volume De 
Thiende (“The Tenth Part”), written in Flemish 
by the Dutch merchant, mathematician and en- 
gineer Simon Stevin (1548- 1620). 368 

Regarding al-Kasi’s important achievements 
in the field of mathematics, we shall finally 
mention the chapter on regular and semi-regular 
bodies in his “Key to Mathematics”. Of course, 
al-Kasi had precursors in dealing with this mat- 
ter; however, the complex calculations and con- 
structions he presents with commanding skill, 
calculating the volumes of curvilinear circum- 
scribed bodies, slanting cylinders and cones as 
well as other irregular hollow bodies, pointed 
arches, vaults, domes and stalactites, bear wit- 
ness to the comprehensive expertise reached in 
Arabic-Islamic mathematics with al-Kasi in the 
first half of the 9th/ 15 th century. 369 

From the field of mathematics of this cen- 
tury we shall further mention that algebraic 
symbolism, developed in the western part [68] 
of the Islamic world from the 7th/i3th century, 
reached a climax in the Kasf al-mahgub min ( ilm 
al-gubar by Abu 1 -Hasan C A 1 I b. Muhammad al- 
Qalasadl (d. 891/1486). 370 “The first power, the 
square and the third power of an unknown are 
marked in the equations by the first letters of the 
words sai\ mal and ka c b and these characters 
too appear above the co-efficient.” 371 

The progress made during the 9th/ 15 th cen- 
tury in the field of cartography in the Arabic- 

368 v. M. G. J. Minnaert, Stevin, in: Dictionary of 
Scientific Biography , vol. 13, New York 1976, pp. 47-51. 

369 A. P. Juschkewitsch, op. cit. p. 277; F. Sezgin, op. cit. 
vol. 5, p. 69; Yvonne Dold-Samplonius, Practical Arabic 
mathematics: Measuring the muqarnas by al-Kashi , in: 
Centaurus (Copenhagen) 35/1992/193-242; idem, The 
volumes of domes in Arabic mathematics , in: Vestigia 
Mathematica. Studies in medieval and early modern ma- 
thematics in honour of H. L. L. Busard, ed. M. Folkerts 
and J. P. Hogendijk, Amsterdam and Atlanta 1993, pp. 
93-1:06. 

370 F. Sezgin, op. cit. vol. 5, p. 62. 

371 A. P. Juschkewitsch, op. cit. p. 270. 
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Islamic area appears to have been very consider- 
able. The most significant development with ep- 
ochal consequences for the history of the world 
took place regarding the shape of the southern 
part of Africa, the depiction of which got very 
close to reality. In the Arabic-Islamic world the 
conviction that the African continent was cir- 
cumnavigable in the south — contrary to the no- 
tion of the Indian Ocean as a land-locked sea 
held by Marinus and Ptolemy — can be traced 
back to the appearance of the world map by the 
Ma’mun geographers in the first quarter of the 
3rd/9th century. From a remarkable report by the 
historian and geographer Ahmad b. Abi Ya'qub 
b. Ga'far al-Ya'qubl from the last third of the 
3rd/9th century, we learn that merchant vessels 
built in Ubulla on the Tigris for the China trade, 
anchored in the Maghribi seaport Massa (south 
of Agadir on the Atlantic coast) near the Bahlul 
mosque. 372 The Ma’mun geographers’ depiction 
of Africa was based on the rough idea of a land 
mass, circumnavigable in the south and stretch- 
ing eastwards to i6o°. The mathematical survey 
of the large continent commenced some centu- 
ries later. The three oldest extant charts of Africa 
after the Ma’mun map are the ones by al-Kindl 
and as-SarahsI (3rd/9th c.), 373 that by a 4th/ioth 
or 5th/ nth century anonymous, 374 and the one 
by al-ldrisl (ca. 548/1 15 4). 375 These maps are all 
either corrupt or crude reproductions of the map 
drawn for al-Ma’mun. On the other hand, the de- 
piction of Africa in the surviving sketchy world 
map by Naslraddln at-TusI (d. 672/1274, supra 
p. 47) turns out to be a considerable advance. 
This, in turn, is connected with the rendition of 
Africa on the type of Chinese world map which 
emerged in the early 14th century stimulated by 

,7 ‘ al-Ya'qubi, Kitdb al-Buldan, Leiden 1892 (reprint: 
Islamic Geography, vol. 40), p. 360; Christophe Picard, 
L’ocean Atlantique musulman. De la conquete arabe a 
I’epoque almohade, Paris 1997, pp. 31, 233-234, 248, 511; F. 
Sezgin, op. cit. vol. n, pp. 383-384 

373 v. F. Sezgin, op. cit. vol. 10, pp. 136-137; vol. 12, p. n. 

374 v. ibid, vol. 10, p. 134; vol. 12, p. 12. 

37a v. ibid, vol. 10, pp. 134-135; vol. 12, pp. 13, 18-19. 



the terrestrial globe sent to China from Maraga 
in the year 1267, or other contemporary Arabic- 
Islamic maps. The crucial aspect in the depiction 
of Africa on these Chinese maps is the triangular 
shape of the southern part of the continent (su- 
pra p. 47), although the original dimensions of 
the map have suffered through the negligence 
of the copyists. In the depiction of the peninsu- 
lar shape of Africa on European world maps 376 
from Brunetto Latini (ca. 1265) to Fra Mauro 
(1459) there are still no traces of mathematical- 
astronomical methods. Of course that does not 
mean to say that no attempts had been made in 
the Islamic world at that time to determine the 
coordinates of places in Africa. In the tradition 
of the work begun in the early 3rd/9th century, 
extending in scope and gradually gathering mo- 
mentum, measurements according to the rules of 
mathematical geography were taken from time 
to time. Yet it took time until the results would 
show themselves in maps. For a realistic depic- 
tion of the configuration [69] of an entire conti- 
nent and beyond, continuous and organised ef- 
forts by generations would have been required. 

Consequently it was considered quite a mile- 
stone in the history of geography and cartography 
when a perfect or near-perfect cartographic de- 
piction of the configuration of Africa and South 
Asia including India was brought into circulation 
in Europe shortly after Vasco da Gama’s return 
from his first expedition to India. Ignorance con- 
cerning the high level of mathematical geogra- 
phy, cartography and navigation based on scien- 
tific methods in the Arabic-Islamic world made 
it more difficult to identify the true originators 
of those maps. The accepted explanation was to 
the effect that those maps had been drawn up 
by Portuguese map-makers using data collected 
and provided by Vasco da Gama; 377 this explana- 
tion, on the one hand, betrays a complete lack 
of insight regarding the circumstances under 
which an accurate map of such a large part of the 

376 v. ibid, vol. 10, pp. 549-550. 

377 v. ibid, vol. 11, pp. 354 ff. 
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Earth’s surface alone could have been compiled, 
and, on the other hand, it shows that a wealth 
of historical evidence contradicting such an as- 
sumption was ignored. The disregard for carto- 
graphic reality may be exemplified by the case 
of the so called Cantino map, considered to be 
the first one drawn after Vasco da Gama’s return 
from his first expedition, probably around 1502. 
A comparison of this world map with a modem 
one shows that the lines of the equator and of the 
two tropics are drawn accurately across Africa, 
the Arabian peninsula and India. The west-east- 
ern extension of Africa at the equator and the 
distance between the equator and the Cape of 
Good Hope are almost the same on the Cantino 
map and the modem one (modem values are 
33°3o' and 34°3o' respectively), while the dis- 
tance between the east coast of Africa and the 
meridian of Cape Comorin (South India) at the 
equatorial line is about half a degree larger on 
the Cantino map than the modem value (35 0 ). 378 
Thus regarding the dimensions of the southern 
part of Africa and in the distance between the 
east coast of Africa and the southern-most point 
of the Indian peninsula, this world map displays 
an accuracy in longitude and latitude that was 
not matched by European maps of Europe and 
Asia prior to the 19th, in some respects even 
the 20th century. Hence, by the accuracy of the 
Cantino map, we may assume that this map of- 
fer clues leading to a model which was made 
locally and based on a sufficiently long-term 
survey in the area, collecting all the coordinates 
and distances required. It is hardly conceivable 
how Vasco da Gama, who had to reach south- 
west India on an established and fixed route and 
who had to return in the shortest possible time 
along that same route, could have procured the 
data required for the map, not to mention that 
this was neither his aim, nor his order. The voy- 
ages were of a mercantile and political nature. 
For the sake of justice it should be said that 
the Portuguese in those days did not claim to 

378 v. F. Sezgin, op. cit. vol. 11, p. 399 



have created the prerequisites for making these 
maps themselves. Their task and achievement 
consisted in bringing as many maps drawn in 
foreign countries as possible to Portugal, where 
map-makers translated them into Portuguese, 
copied them and presented them according to 
their own understanding and taste. Most of the 
early Portuguese seafarers in the Indian Ocean 
make no secret of having seen maps with Arabic 
or other Muslim sailors quite often, or of hav- 
ing procured such maps. Amongst the reports 
known to us, 379 there is even a detailed report 
by [70] Vasco da Gama 380 himself about his first 
encounter with a Muslim navigator on the east 
coast of Africa. Da Gama relates how he saw 
maps with longitudes and latitudes in the hands 
of his Arabic colleague, which the latter used on 
his voyages. He was one of the navigators who 
piloted Vasco da Gama on the direct sea route to 
Calicut, on the west coast of India. 

Other reports state that as early as in the 
first half of the 15 th century maps of the Indian 
Ocean and of Africa, circumnavigable in the 
south, reached Portugal. Thus the sea route 
to India must have already been known to the 
Portuguese 38 ' before they, encouraged by such 
maps, endeavoured their expeditions, incorrect- 
ly referred to as “voyages of discovery”. 

With this brief exposition I intend to acquaint 
the reader with the conclusion I reached in the 
nth volume of my Geschichte des arabischen 
Schrifttumsf 2 viz. that the stage of cartograph- 
ic depiction of Africa and the Indian Ocean 
reached just before the Portuguese expeditions 
was largely accurate and thus constitutes one of 
the most significant achievements of the Arabic- 
Islamic world in the 9th/ 15 th century. The merit 
of the Portuguese consists in them having rec- 

379 Ibid, vol. 11, pp. 323-336. 

380 v. Joao de Barros, Asia. Dos feitos que os portugue- 
ses fizeram no descobrimento ..., Decada I, Liv. IV, Cap. 
VI, ed. Lisbon 1945, pp. 151-152; F. Sezgin, op. cit. vol. 11, 
pp. 227-229. 

381 v. F. Sezgin, op. cit. vol. 11, pp. 358-362 

382 v. ibid, vol. 11, pp. 323-444. 
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ognised the importance of those maps, in col- 
lecting them and taking them to Portugal; thus 
they implemented their wide circulation in 
European languages and ultimately gave the im- 
petus for an upsurge in cartographic activities in 
Europe. Otherwise, I could not see since when 
and through whose mediation those maps could 
have reached Europe, no longer just sporadi- 
cally, but on a regular basis. 

Concluding this topic, I would like to men- 
tion what I consider the greatest known car- 
tographic achievement of the Arabic-Islamic 
world. We owe its discovery and preservation 
to the Portuguese. It is the “Javanese” atlas that 
fell into the hands of the Portuguese shortly after 
the conquest of Malacca in 15 n and was sent 
to King Emanuel I (d. 1521) by the conqueror 
Alfonso de Albuquerque. 383 In his accompa- 
nying letter to the king Alfonso writes: “I am 
sending you a part of the copy of a large map 
made by a Javanese pilot representing the Cape 
of Good Hope, Portugal, the country of Brazil, 
the Red Sea, the Persian Sea, the Spice Islands 
(the Moluccas), the sailing routes with the di- 
rect route to China and Formosa which the ships 
take along with the interior [of these countries] 
which adjoin one other. It seems to me that this 
is the most beautiful thing which I have ever 
seen. Your Majesty will be greatly pleased to 
see it. The place names are in Javanese charac- 
ters, I had a Javanese who can read and write. 
I am sending Your Majesty that part, which 
Francisco Rodrigues copied from the origi- 
nal, in which Your Majesty will be able to see 
for yourself where the Chinese and the inhab- 
itants of Formosa come from, what route your 

Santarem, Atlas compose de mappemondes, de 
portulans et de cartes hydro graphiques et historiques 
depuis le Vie jusqu’au XVIIe siecle , Paris 1849 (reprint: 
Amsterdam 1985); A. Cortesao, Cartografia e cartografos 
portugueses dos seculos XV e XVI, vol. 2, Lisbon 1935, 126- 
130; idem, The Suma Oriental of Tome Fires and the Book 
of Francisco Rodrigues, vol. 1, London 1944, preface pp.78- 
79; A. Cortesao and A. Teixeira da Mota, Portugaliae mo- 
numenta cartographic a, vol. 1, Lisbon i960, p. 80. 



ships need to take to reach the islands of cloves, 
where the goldmines are, the islands of Java and 
Banda, the island of nutmegs and mace, the em- 
pire of Siam, the Cape of the Chinese, which 
they [71] sail round and where they turn round 
and do not go beyond. The original was lost with 
the Frol de la Mar (when it was shipwrecked). I 
have discussed the content of this map together 
with the pilot and Pero Dalpoem so that I might 
describe it to Your Majesty clearly. This map is 
very precise and well known because it is used 
in navigation. On the archipelago of the islands 
known as ‘Selat’ is missing (between Malacca 
and Java)”. 384 

Modem cartography-history has failed to 
give a proper assessment of these maps and the 
question of their provenance, as it knows noth- 
ing about the mathematical navigation 385 which 
had provided crucial impulses for the cartog- 
raphy of the Indian Ocean in the course of the 
preceding development. With their longitudinal 
and latitudinal scales and near perfect configu- 
rations, the twenty-six extant parts of the atlas 
bear witness to a long tradition of cartography 
based on mathematical-astronomical princi- 
ples. The atlas offers the earliest largely correct 
depictions known so far, of the Bay of Bengal, 
the Straights of Malacca and of the southern 
Chinese Ocean from Java across the Moluccas 
down to Canton. The island of Madagascar ap- 
pears here for the first time on a map. Its de- 
lineation is so good that it was improved upon 
only by cartographers of the 19th and the first 
half of the 20th century. The fact that the atlas 
even includes the north-eastern coastline of 
South America 386 — mentioned also by Alfonso 
de Albuquerque, thus ruling out the option that 
it was a Portuguese addition — implies that the 
endeavour to advance the inherited cartographic 
world view according to the latest knowledge 

~o . 

4 v. F. Sezgin, op. cit. vol. n, pp. 327-328 

38c 

b On this, v. ibid, vol. 11, pp. 426-433. 

386 v. ibid, vol. 11, p. 441. 
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was still alive in the Arabic-Islamic area in the 
first decade of the ioth/i6th century. 

Such an advanced cartographic survey of the 
Indian Ocean and the African continent would 
have been impossible if cartography had not 
constantly benefited from the association with 
and the aid of scientific navigation. Today we 
are in the privileged position of knowing the 
specific nature of this navigation tolerably well. 
After a long evolution, it reached its climax in 
the Indian Ocean region during the second half 
of the 9th/ 1 5 th century and in the first quarter of 
the ioth/i 6th century. 

Navigation on the sea routes between Arabia 
and China dates back several millennia; the old- 
est preserved written documents dealing with 
this navigation date from the second half of the 
9th/ 1 5 th century. Even though is known that 
there was a body of writings concerning nauti- 
cal rules and knowledge about routes, sea-ports 
and distances in the Indian Ocean at a much ear- 
lier time, unfortunately these writings were con- 
sidered obsolete and got lost when the works of 
the two greatest exponents of navigation in the 
second half of the 9th/ 15 th century and the first 
quarter of the ioth/i6th century appeared, rep- 
resenting a higher development in the field. 

The first of those two was Sihabaddin Ahmad 
Ibn Magid b. Muhammad from Gulfar in the 
province of ‘Urnan. A number of his works are 
extant and these also reflect a certain develop- 
ment in the knowledge and abilities of their 
author in the course of his life. According to 
Ibn Magid, navigation, which he calls ( ilm al- 
bahr, is a “theoretical and empirical science, as 
opposed to a mere paper tradition” ( 7 /m c aqli 
tagrlbl la naqll ).’ S/ He divides navigators into 
three groups. The first are the simple pilots 
whose voyages turns out sometimes well, [72] 
sometimes not, whose answers are sometimes 
right and sometimes wrong. These mariners do 

,8? Ibn Magid, Kitab al-Fawa’idfi usul Him al-bahr wa- 
l-qawaHd, ed. I. Hurl, Damascus 1970, p. 171; F. Sezgin, 
op. cit. vol. 11, p. 177. 



not deserve the title mu c allim (“master”, sing.). 
The members of the second category, the aver- 
age ma'alima (“masters”, pi.) are known for the 
range of their knowledge. They are proficient, 
completely at home with the routes of the lo- 
calities to which they sail, but once they die 
they are forgotten. The third class of navigators 
is the highest. Those who belong to it are widely 
known, command all the operations performed 
at sea and are scholars “writing treatises” from 
which one can benefit during their life time and 
also afterwards. 388 

Ibn Magid also mentions the regulations a 
captain has to observe during his voyage and 
the moral principles expected of him. He is con- 
scious that an important position is assigned to 
his own person in the history of navigation and 
that his achievement shall not be without im- 
pact upon subsequent generations. (“There will 
come a time after us when it shall be possible to 
judge which position is due to each of us in our 
profession.”) 389 

Ibn Magid 390 is convinced that he himself had 
advanced his field, notwithstanding his earlier 
works containing points that require correction. 
Interestingly he calls the material from his earlier 
writings he no longer wishes to uphold — in his 
present higher level of knowledge — “revoked” 
( mansuh ) and that what replaces them “revok- 
ing” ( nasih ), thus using terms usually employed 
in connection with the revelation of the Qur'an. 

From Ibn Magid’s extant works we learn 
unambiguously that he was indeed not merely 
a theorist, but had himself been a mariner for 
many years, sailing between Arabia, India and 
South East Asia. His books create the impres- 
sion — perhaps not in quite as systematic a fash- 
ion as one might desire — that he represents a 

-00 

Ibn Magid, Kitab al-Fawa 3 id, op. cit. p. 171; F. 
Sezgin, op. cit. vol. 11, p. 177 

3 9 Ibn Magid, Kitab al-Fawa'id , op. cit. p. 18; F. Sezgin, 
op. cit. vol. 11, pp. 177-178. 

390 Kitab al-Fawa'id , op. cit. pp. 151-152; F. Sezgin, op. 
cit. vol. 11. pp. 178-179. 
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navigation based on the orientation to the North 
Star and to a number of other fixed stars (that 
rise and set on the horizon within a distance of 
approximately n°i5' from each other) and on 
the use of the compass. In his books he records 
the latitudes of hundreds of localities in the 
Indian Ocean area with compass bearings, but 
we find little information on how measurements 
of distances were taken. It seems, here and else- 
where, that Ibn Magid expects his reader to have 
a certain expertise. In one passage of his exten- 
sive work al-Fawa’id 391 he discloses that some 
inventions in the field of nautical science are his 
own achievements, including an improvement 
of the compass where the magnetic needle itself 
is put on the compass, that is to say, it moves on 
top of the cardboard disc inscribed with the thir- 
ty-two bearing marks, rather than being fixed 
underneath. 

In his surviving books Ibn Magid comes 
across as an accomplished, self-confident navi- 
gator with a thorough knowledge of astronomy 
and well versed in many other areas of knowl- 
edge of his times. His material reveals that we 
are here dealing with a mathematically sur- 
veyed Indian Ocean and with highly developed 
methods of navigation. Yet we learn how all this 
was accomplished and what the actual workings 
of this navigation were not so much from Ibn 
Magid as from his younger colleague, Sulaiman 
al-Mahrl. Adhering to the chronological princi- 
ple which we follow here, Sulaiman al-Mahri’s 
more lucid [73] treatment of the subject shall be 
discussed in the context of selected topics of the 
ioth/i6th century. 

From the 9th/i5th century we shall also men- 
tion two encyclopaedias which reflect the high 
standards of that time. One of them is the well 
known encyclopaedia of the art of writing and 
knowledge required for secretaries, written by the 
Egyptian secretary of state, Sihabaddin Ahmad 
b. c Ali al-Qalqasandi (b. 756/1355, d. 821/1418) 

391 Kitab al-Fawd’id, op. cit. p. 192; F. Sezgin. op. cit. 
vol. II, p. 261. 



entitled Subh al-a c sa fi sina c at al-insa it is di- 
vided into ten main sections comprising four- 
teen volumes. 392 Completed in 814/1412, this 
encyclopaedia, rich in content, systematically 
arranged, and with properly referenced sources 
can be regarded as one of the most impressive 
verfications of the cultural flowering across all 
areas of life in Arabic-Islamic society reached 
after a development of about eight hundred 
years. 

The second important encyclopaedia from 
this century is a work which has so far remained 
largely unknown, the Kasf al-bayan c an sifat al- 
hayawan by the versatile Alexandrian scholar 
Muhammad b. Muhammad b. C A 1 I al- c Aufi 393 (b. 
818/1415, d. 906/1501). This work, surviving in 
an autograph of sixty-two volumes, 394 is possi- 
bly the earliest encyclopaedic reference book to 
be arranged alphabetically, providing informa- 
tion on all fields of interest. Volume sixty-two 
breaks off with the letter qaf( i.e. only about two 
thirds were finished). The author cites the names 
of his sources, many of which are lost today. It 
is said they amount to three thousand titles. 

392 v. Ferdinand Wiistenfeld, Calcaschandis Geogra- 
phic und Verwaltung von Agypten. Aus dem Arabischen , 
in: Abhandlungen der Koniglichen Gesellschaft der 
Wissenschaften zu Gottingen, historisch-philologi- 
sche Classe, vol. 25, Gottingen 1879 (reprint in: Islamic 
Geography, vol. 52, pp. 1-223); Bernard Michel, L’ organi- 
sation financiere de l ’Egypte sous les sultans mamelouks 
d’apres Qalqachandi , in: Bulletin de l’lnstitut d’Egypte 
(Cairo) 7/19 24-25/127-147 (reprint in: Islamic Geography, 
vol. 52, pp. 225-245); Walther Bjorkman, Beitrage zur 
Geschichte der Staatskanzlei im islamischen Agypten , 
Hamburg 1928 (reprint: Islamic Geography, vol. 53); 
C. Brockelmann, op. cit. vol. 2, p. 134, suppl.-vol. 2, pp. 
164-165. 

393 Nagmaddin Muhammad b. Muhammad al-Gazzi, 
al-Kawakib as-sa 3 ira bi-a c yan al-mda al- c asira , vol. 1, 
Beirut 1945, pp. 14-17; C. Brockelmann, op. cit. vol. 2, p. 
57, suppl. vol. 2, p. 58. 

’ 94 Vols. 2-62 are preserved in the collection Feyzullah 
(No. 1687-1745, il Halk Kiitiiphanesi) in Istanbul, vol. 1 
in the collection Suleymaniye (No. 873, Suleymaniye 
Kiitiiphanesi), a late copy of this is in Paris, Bibliotheque 
nationale, ar. 4825. 
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Following this colossal encyclopaedia we 
should mention another work which reflects the 
pronounced interest of that time in cultural his- 
tory and the vision of its author with regard to 
history. A little known scholar from Damascus, 
‘Abdalqadir b. Muhammad an-Nu c aimI 395 (d. 
927/1 521), took it upon him to write the history 
of the schools and universities of his hometown 
from around the 5th/ nth to the ioth/i6th cen- 
turies. Surviving in two volumes under the title 
ad-Daris fi ta } rih al-madaris , 796 the work deals 
with the mosques, monasteries and tombs at- 
tached to the schools and is apparently an ex- 
tract from the author’s Tanblh at-talib wa-irsad 
ad-daris fima fi Dimasq min al-gawami‘ wa-l- 
madaris. It informs, inter alia, “about the career 
and works of scholars, about their peculiarities 
and attire, about quarrels ended by intervention 
of the Sultan, about edicts ( tawaqf ) from Egypt 
through which teachers were transferred and 
textbooks replaced. Some teachers had only a 
part-time position (nisf tadns ). ,,i97 The impor- 
tance of this book becomes evident when one 
tries to find its like in the Europe of that time. 

[74] The 10th/16th Century 

The great observatory founded in Istanbul 
between 1575 and 1580 under the Ottoman sov- 
ereign Murad III is one of the achievements of 
the ioth/i6th century to be mentioned in this 
overview. The idea was suggested to the Sultan 
by the versatile scholar Taqiy addin Muhammad 
b. MaTuf ar-Rassad. With a “new kind of obser- 
vation” ( rasad gadid) using newly built instru- 
ments of large dimensions, the latter intended to 
collect substantially improved results. The sur- 
viving Turkish book on the observatory and its 
instruments contains the description and illus- 
trations of eight observational devices of hith- 

39a v. C. Brockelmann, op. cit. vol. 2, p. 133, suppl. vol. 
2, p. 164. 

396 Ed. by Ga'far al-Hasani, 2 vols., Damascus 1948, 
I 95 I - 

397 W. Bjorkman, review of the edition in: Oriens 
5/1952/178. 



erto unknown proportions. It was probably first 
dictated in Arabic by Taqiy addin (who had only 
settled in Istanbul in the 1550s after sojourns in 
Damascus and Cairo). Two of the instruments 
seem to have been devised by Taqlyaddln him- 
self, the other six already figure in the instru- 
ments book of the observatory at Maraga built 
three hundred years earlier (supra p. 41 fi). 
One may assume that news about the Istanbul 
observatory soon reached Europe and that the 
great astronomer Tycho Brahe (1546-1601) 
also heard about it. At any rate, the similarity 
between two of the instruments in Taqlyaddln 
and Tycho Brahe (viz. the instrument for meas- 
uring the distances between celestial bodies and 
the wooden quadrant, infra II, 64, 68) create this 
impression. Moreover, Stefan Gerlach, pastor of 
the German emperor’s ambassador in Istanbul, 
reports at length on the foundation of the ob- 
servatory in his ‘Turkish Diary’ ( Tiirckisches 
Tagebuch) entry 13 th November 15 77. 398 
Salomon Schweigger, another clergyman in the 
entourage of a western ambassador, stayed in 
Istanbul from 1st January 1578 to 3rd March 
1581 and wrote about the event with a strong 
bias, which itself is quite interesting for the his- 
tory of culture and science. In his travelogue he 
calls Taqiy addin “a wretched blockhead” who 
“some years ago had been held prisoner in Rome, 
where he learned much about the arts of a math- 
ematician whose servant he was and thus be- 
came such a celestial artist and planetary jester.” 
Allegedly, he even had Arabic translations of 
works by Ptolemy, Euclid, Proclus and “other 
writings by famous astronomers” secretly ex- 
plained to him by a Jew. 399 It goes without say- 
ing that these assertions are not correct and that 

208 

y v. J. H. Mordtmann, Das Observatorium des Taql ed- 
dln zu Pern, in: Der Islam (Berlin and Leipzig) 13/1923/82- 
96, esp. pp. 85-86 (reprint in: Islamic Mathematics and 
Astronomy, vol. 88, pp. 281-295, esp. pp. 284-285). 

399 Ein newe Reyssbeschreibung aufi Teutschland Nach 
Constantinopel und Jerusalem , Nuremberg 1608 (reprint 
in: The Islamic World in Foreign Travel Accounts, vol. 28, 
Frankfurt 1995), pp. 90-91. 
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Taqlyaddln’s stay in Rome is pure fiction. Yet 
the acerbity with which the spirit of antagonism 
towards the Arab-Islamic area makes its appear- 
ance here, draws our attention; a tendency that 
had already begun in the 13 th century but now, 
from the second part of the 16th century, was 
combined with a feeling of superiority in the 
sciences, which, even though perhaps not quite 
justified yet, shortly afterwards was to become 
real. 

The observatory in Istanbul was established 
in succession to the two precursors in Maraga 
and Samarqand, whose fame had spread beyond 
the Islamic world. After many years of work 
as an astronomer and physicist, its founder, 
Taqiy addin, moved to Istanbul in the 1550s to 
place his knowledge and abilities in the service 
of Murad III. The latter was intelligent enough 
to grant the request and have the costly observa- 
tory built, [75] but he was not intelligent enough 
to appreciate its true merits. Thus he could be 
persuaded by fanatical advisers and the adver- 
saries of Taqiyaddin to demolish the observa- 
tory as an alleged instrument of astrology with 
a corrupting influence on the state only a few 
years after its foundation. 

Taqiyaddin was possibly the first astronomer 
to introduce time as a distinct parameter in his 
observations. For this purpose he built a large 
astronomical clock ( bingam rasadi ) as an addi- 
tion to the instruments of the observatory (in- 
fra III, 1 1 7). Taqiyaddin enjoyed considerable 
fame in the Ottoman Empire not only as a rasid 
(observing astronomer) but also as a muhandis 
(engineer). From his two extant treatises on 
pneumatic constructions and clocks he indeed 
emerges as an eminent physicist and technician. 
In his book on pneumatics, at-Turuq as-sanlya 
fi l-alat ar-nlhdnlya 4 written in 953/1546, 
Taqiyaddin describes a number of machines 
and devices that reveal an already well-devel- 
oped level of technology. The precise descrip- 

400 Ed. by Ahmad Y. al-Hasan in his Taqiyaddin wa-l- 
handasa al-mikanikiya aWarabiya, Aleppo 1987. 



tions enabled us to reconstruct several devices 
without great difficulty; of these, we may first 
of all mention an automatic pump with six pis- 
ton-like plungers powered by the current of a 
river, transferred through a waterwheel onto 
a camshaft. The cams in turn move six levers 
which drive the plungers. This type of water- 
work with six plungers appears for the first 
time in Taqlyaddln’s book. About 350 years 
earlier ar-Razzaz al-Gazari (supra p. 37) had 
already known waterworks with two plungers. 
Thus it is possible that there was an intermedi- 
ate stage of development in the period between 
the two authors. In this respect it is interesting 
that Taqiyaddin praises a work by ‘All al-Qusgl 
(d. 879/1474) on pneumatics and mentioned as 
one of his sources. 401 At the present time it is not 
known whether the concept of waterworks with 
multiple pistons as described shortly afterwards 
in Europe by Georgius Agricola 402 (1494-1555) 
and Agostino Ramelli 4 ° 3 (1531-1600?) was con- 
nected with the Arab-Islamic world or whether 
it developed independently. 

Taqiyaddin also describes the two types of 
mechanised turnspits for roasting meat most 
common in his time, one of which is turned by 
steam and the other by hot air. 

The description of the second device re- 
sembles a turnspit-construction sketched by 
Leonardo da Vinci which was also intended to 
be powered by hot air (infra V, 39). Moreover, 
Taqiyaddin describes numerous devices func- 

401 In his al-Kawakib ad-durriya fi wad ‘ al-bingamat ad- 
daurlya, ed. Sevim Tekeli in 16’inci asirda Osmanhlarda 
saat ve Takiyiiddin ’in “Mekanik saat konstriiksuyona dair 
en parlak yddizlar” adli eseri, Ankara 1966, pp. 46, 144, 
221. 

4 °” De re metallica. Translated from the first Latin edi- 
tion of 1556... by Herbert C. Hoover and Lou H. Hoover, 
London 1912 (reprint New York 1950), pp. 185-189. 

403 The various and ingenious machines of Agostino 
Ramelli. A classic sixteenth- century illustrated treatise on 
technology. Translation and biographical study by Martha 
Teach Gnudi, annotations ... by Eugene S. Ferguson, 
Toronto 1976 (reprint New York 1994), pp. 258-259, plate 
97 - 
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tioning by transmission of force with cogwheels. 
They must have been very common in his days. 
He refers to one of them as his own invention. 

In the field of mathematical geography, in 
the ioth/i6th century we encounter tables of 
coordinates and maps that display an increase 
in the mathematically surveyed parts of the oik- 
oumene and an enhanced cartographic depic- 
tion. It is of course impossible to say in each 
case whether the progress had really only been 
achieved by the 16th century or whether it dates 
back to the preceding one. One of the most sig- 
nificant extant documents of the high standard 
reached in the cartography [76] and navigation 
of the Mediterranean is the Kitab-i Bahriye of 
the Ottoman seafarer Pin Re’Is (ca. 1465-1554), 
who defines the term bahriye as the “science 
of the oceans and the technology employed by 
mariners”. This monumental work testifies to the 
author’s great literary maturity. It is his consist- 
ently pursued aim to enable an optimized voy- 
age in the Mediterranean on the basis of detailed 
physico-geological, archeological and meteoro- 
logical data. Besides the enormous amount of 
data collected for that purpose, Piri Re’is fur- 
nished his book with more than 200 charts of is- 
lands, harbours and some coastal regions of the 
Mediterranean of astounding quality which, un- 
doubtedly, can only be understood as the result of 
a long-term development. Unfortunately, recent 
researchers have so far paid less attention to the 
contents and the detailed maps of the book than 
to the fragments of his world map. This he him- 
self calls the most comprehensive world map in 
circulation at the time. To our knowledge it is 
the last attempt made in the Arab-Islamic cul- 
ture area to create an up-to-date world map on 
the basis of all accessible sources. 404 

Another Ottoman document from the time 
of the second edition of Piri Re’is’s work tes- 
tifies indirectly to a rather highly developed 
and once again extended world map. The “time 



404 v. F. Sezgin, op. cit. vol. 11, pp. 42-48. 



keeper” ( muwaqqit ) 40 5 of the Selimiye mosque 
in Istanbul, Mustafa b. C A 1 I al-Qustantlnl al- 
Muwaqqit (d. 979/1 5 72), when still a young man, 
dedicated his booklet I c lam al- c ibad fi a c lam 
al-bilad 4 ° 6 to Sultan Suleyman (r. 926/1520- 
974/1566) in the year 931/15 25; in it he gives 
the longitudes and latitudes of 100 localities and 
their rectilinear distances from Istanbul in miles. 
Those places are more or less well known cit- 
ies in the northern hemisphere, located between 
the west coast of Africa and the east coast of 
China. What makes this heterogeneous compi- 
lation important is, firstly, that longitudes in it 
are given consistently according to the prime 
meridian (shifted by i7°3o' to the west of the 
Canary Islands in the Atlantic Ocean), hence 
the significantly revised longitudes of the world 
map must have been commonly known in the 
early Ottoman empire; secondly, that it docu- 
ments how the part of the world mathematically 
surveyed in the Arab-Islamic region was further 
extended at that time. The coordinates recorded 
in this book show that the main points of the 
configuration of the Mediterranean, the Black 
Sea and Anatolia almost match the modem val- 
ues. Moreover, they corroborate contemporary 
values known to us from other sources. 407 Yet 
the greatest importance of this book regarding 
the history of cartography lies, in my opinion, 
in the fact that it includes the earliest known 
coordinates of the northern Siberian fortress 
Armayat ar-Rus, later to be known as Tobolsk. 
The longitude given is quite close to the actual 
value, while the latitude deviates from the mod- 
em value by only 15'. 408 This, of course, is not 
only a confirmation of our assumption that the 
mathematical survey of northern Asia had be- 

40:1 Later the head-astronomer ( muneggim-basi ) and 
predecessor of Taqiyaddin, v. E. ihsanoglu, R. §e§en, C. 
izgi, C. Akpinar, I. Fazlioglu, Osmanli astronomi litera- 
tiirii tarihi, vol. 1, Istanbul 1997, pp. 161-179. 

406 Regarding the manuscripts, v. ibid, vol. 1, pp. 
162-163. 

407 v. F. Sezgin, op. cit. vol. 10, pp. 181-191, 452-454. 

408 v. ibid, vol. 10, pp. 188, 191. 
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gun in the Arab-Islamic world relatively early 
on, namely around the 7th/i3th century, 409 but it 
is also the earliest evidence so far that Ottoman 
geographers and cartographers [77] must have 
possessed a fairly accurate cartographic depic- 
tion of these areas, certainly by the first quarter 
of the ioth/i6th century. What’s more, this doc- 
ument offers us the first clue as to from where 
exactly a 16th century European cartographer 
like Gerard Mercator could have acquired his 
latitude for the city of Tobolsk (58°), a question 
which has so far apparently never been posed in 
the history of cartography. 410 

From the descriptive branch of geography we 
can also cite an interesting example demonstrat- 
ing that science in the Islamic world was still 
at a comparatively high level in the ioth/i6th 
century. The example is provided by the scholar 
al-Hasan b. Muhammad al-Wazzan (b. around 
888/1483), known in Europe as Leo Africanus. 
Bom in Granada, he grew up and received his 
education in Fas (Fez, now Morocco); in dip- 
lomatic service he travelled to various Islamic 
countries, particularly of northern Africa, and, 
as a writer, developed an interest in geogra- 
phy and local cultures. On the way back from 
Istanbul he fell into the hands of Sicilian cor- 
sairs and was sold first to Naples and then to 
Rome where he was baptised by Pope Leo X, 
after the latter’s own name, Giovanni Leo on 
January 6, 1520. During his stay in Italy he 
learned Italian and taught Arabic. In 935/1529 
he returned to Tunis where he died as a Muslim. 
In Rome and Bologna he had continued his lit- 
erary work. Besides a description of Africa, he 
compiled a work comprising thirty biographies 
of north- African scholars. His description of 
Africa in Italian was completed in 1526, the 
sixth year of his captivity. The book consists of 
nine chapters. The first deals with the general 
physical and climatic characteristics of Africa 
and with its inhabitants. The second deals with 

409 v. ibid, vol. 10, pp. 383-396 

410 v. F. Sezgin, op. cit. vol. 10, p. 388 



the region of Marrakus (Marrakesh) with its cit- 
ies and mountains, the third with Fas, the fourth 
with Tilimsan (Tlemcen), the fifth with Tunesia, 
the sixth with Libya, the seventh with the Sudan, 
the eighth with Egypt and the ninth with the 
rivers, natural resources, the flora and fauna of 
Africa. All in all some 400 localities are intro- 
duced. The author remarks that he had relied 
primarily on his own observations but, where 
he could not provide any information himself, 
had taken pains to obtain detailed reports from 
reliable and knowledgeable people. 

Next to al-Idrisi’s Nuzhat al-mustaq, Leo 
Africanus’s description of Africa was one of 
the most important sources available in Europe 
from the second half of the 16th century as a 
basis for the development and expansion of the 
descriptive geography of Africa. Shortly after 
the book was printed by G. B. Ramusio in the 
year 15 50, 411 it was translated and adapted into 
several languages 412 In the preface to his French 
translation, Ch. Schefer made an excellent study 
on the way in which European authors, from 
the 1 6th to the 18th century, depended on Leo 
Africanus’s book. 4 ' 3 

The maps of Africa and South Asia which 
were probably introduced to Italy by Leo 
Africanus had a substantial infl uence upon the 
further development of cartography in Europe. 
Copied by Ramusio and circulating under both 
their names, those maps are southern-oriented 
according to Arab custom and, with their scales 
of longitude and latitude, clearly betray an Arab 
origin. 414 They led to a break with the [78] car- 
tographic depiction of the oikoumene that had 

411 Gian Battista Ramusio, Navigationi et viaggi, vol. 1, 
3rd ed. Venice 1563 (reprint: Amsterdam 1970), folios 1-95. 

412 v. F. Sezgin, op. cit. vol. n, p. 103, note 1. 

413 Description de I’Afrique tierce partie du mon- 
de, ecrite par Jean Leon African, ... mise en Frangois. 
Nouvelle edition annotee par Charles Schefer, 3 vols., 
Paris 1896-1898 (reprint: Islamic Geography, vols. 136-138, 
Frankfurt 1993), preface vol. 1, pp. 30-36. 

414 v. F. Sezgin, op. cit. vol. n, pp. 102-103, vol. 12, pp. 
306-310. 
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emerged after the publication of Ptolemy’s 
Geography in the early 16th century. The turn- 
ing-point is marked by the Asia map by the 
Italian cartographer Giacomo Gastaldi (d. 1567), 
which appeared around 1 5 60. Before that, from 
1539, Gastaldi had been devoted to the publica- 
tion of Ptolemaic maps. 4 ' 5 
The development of mathematical geography 
and cartography on the Indian subcontinent, 
which is still hardly understood in detail, ought 
to be considered here as well. As mentioned 
above, in the first half of the 5th/ nth century, 
al-Blrunl himself had already determined the 
coordinates of some important points on the 
Indian subcontinent in the course of an extended 
project. This was the most that an exceptionally 
assiduous scholar could possibly achieve in 
several years of hard work. The remaining 
work took the subsequent generations several 
centuries to finish. According to our current 
knowledge, the latitudes of key points on the 
coast and bearings between these seem to have 
been determined in the 7th/ 13th and the 8th/i4th 
centuries to such an extent that a delineation 
of the peninsula’s configuration became 
feasible. 4 ' 6 It was decisive for the beginning of 
the mathematical survey of the inland areas of 
the country that the scientific activities of the 
Samarqand school of the Tlmurid period were 
relocated to India, together with political power, 
after the foundation of the Mogul empire by 
Babur in 932/1526. In the following period, 
lasting about two centuries, emphasis seems 
to have been placed on collecting data for the 
mapping of the inland areas. The oldest known 
document of this type goes back to the second 
half of the first century of the Mogul Empire. 
It is a large volume of tables produced in 
India itself. Its author, Abu 1 -Fadl c Allarm (b. 
958/1551, d. 1001/1593), was a statesman from 
the realm of the Mogul emperors. In the third 
part of his Akbarnama, a history of the Mogul 
Empire, which under the independent title Afn- 

415 v. F. Sezgin, op. cit. vol. 11, pp. 92-93, 97, 99 ff., vol. 
12, pp. 177-181, 252, 311. 

41 v. ibid, vol. 11, pp. 565-567. 



nama combines anthropogeography with an 
excellent descriptions of social, administrative 
and fiscal institutions, he provides a large table 
of coordinates with 656 places including 45 
cities in India, and registers 3050 smaller towns, 
partly specifying distances. The quality of the 
coordinates of the Indian places is consistently 
high. The latitudes are almost identical with 
present-day values and the longitudes differ just 
slightly. 41 ' The data compiled in the A Tn-nama 
which were probably selected from special 
contemporary sources and the abundant material 
from the first half of the nth/ 17th century 4 ' 8 
convince us that the mathematical survey of the 
Indian subcontinent had reached a high standard 
under Islamic rule. Credit for the oldest known 
document showing the remarkable standard in the 
depiction of India in the ioth/i6th century must 
go to the Dutchman Jan Huygen van Linschoten. 
In 1596 he published a map in Amsterdam that 
he had brought back from India. 4 ' 9 

Here we leave the cartography of the Indian 
subcontinent and proceed to the science of navi- 
gation in the Indian Ocean. Even though it ap- 
parently had reached its climax as early as in the 
9th/ 1 5 th century, the specifics of this navigation 
based on trigonometric-astronomical methods 
[79] were expounded only in the first quarter of 
the ioth/i6th century in the works of Sulaiman 
al-Mahrl. This latest master navigator known to 
us also regarded navigation as a science consist- 
ing of theory and experience, and, particularly 
as regards details, subject to the law of evolu- 
tion. From this discipline, which over the cen- 
turies developed into an independent branch of 
science, we shall mention the three pillars on 
which it rests: 

1. Determining the latitude at sea using the 
pole star and the circumpolar stars whose upper 
and lower culminations serve for determining 



4 ' 7 v. ibid, vol. 10, pp. 193-194. 

4 ' 8 v. ibid, vol. 10, pp. 194-202. 

4 ' 9 v. ibid, vol. 12, p. 252; B. J. Slot, The origins of 
Kuwait, Leiden etc. 1991, pp. 13-15. 
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the altitude of the pole which in turn yields the 
geographical latitude of a place. 

2. Mathematical-astronomical measurements 
of distances on the open sea, distinguished by 
Sulaiman al-Mahrl with the term hisabl (“math- 
ematical”) from those that are achieved empiri- 
cally, “according to experience” ( tagribi ). 42 ° 

3. Determining of the position on the open 
sea. Here the distances to be measured and the 
methods of measurement are of three kinds: 

a) The first and most simple case is the latitu- 
dinal distance, running parallel to the meridian. 
For its determination it is sufficient to measure 
the altitude of the pole while setting out and once 
again after sailing for some time; the measure- 
ments are taken either in degrees or the thumb- 
width unit isba c (1 isba c = i° 36'26" or i°42'5 1"), 
the difference can be converted into distances. 

b) In the second case the distance may run at 
any angle oblique to the meridian. It is found by 
taking, in degrees, the altitude of the pole and 
measuring the angle of the course to the merid- 
ian at the time of putting to sea. After sailing 
for some time on that course, the altitude of the 
pole is again taken. With this data, a right-an- 
gled triangle is constructed. The hypotenuse, i.e. 
the side opposite to the right angle, is the sought 
distance. 

c) In the third case the distance is longitu- 
dinal. This was used for measuring distances 
between places of the same latitude situated on 
opposite seacoasts, i.e. determining distances 
parallel to the equator. The method is equiva- 
lent to the determination of longitudinal differ- 
ences between two points on the coast or at sea. 
The navigator first proceeds as described under 
b), that is to say, he sails a certain distance at 
a known angle oblique to the meridian. After 
determining this first distance he takes a course 
opposite to the one sailed before and maintains 
this course until he reaches the same altitude of 
the pole that was registered at the outset. With 
the known angles of the courses and the differ- 

420 v. F. Sezgin, op. cit. vol. 11, p. 199. 



ence in the measured altitude of the pole, the 
navigator constructs two right-angled triangles 
with one common side, consisting of the meas- 
ured difference in the altitudes of the pole. In 
order to arrive at the sought longitudinal differ- 
ence between the two opposite coastal points, 
the navigator must continue cruising between 
the two established altitudes of the pole until he 
has reached the desired coastal point. By add- 
ing up the base lengths of all triangles he finally 
gets the total distance in zam to be converted in 
degrees of longitudes or miles. 

Procedure c) was in the true sense of the word 
triangulation on the high seas, roughly five hun- 
dred years after Abu r-Raihan al-Blruni used the 
triangulation method on land for establishing 
longitudinal differences of localities between 
Baghdad and Ghazna. In order to handle this 
method, the application of trigonometric rules 
was required, besides a certain knowledge of 
astronomy. This mathematical method was well 
developed and widespread in the Arabic-Islamic 
world, but of course it was not suitable for every 
mariner to use. Those lacking the required skills 
could resort to available tables while measuring 
distances oblique to the meridian. 

[80] Prior to the introduction of the compass, 
orientation on the open sea and maintaining a set 
course at night was guided in the Indian Ocean 
by the North and South Star and by fifteen fixed 
stars which in their points of rising and setting 
are approximately 1 i°i5' apart; this led to a divi- 
sion of the horizon in thirty-two parts. The time 
when the knowledge of the compass reached the 
Arabic-Islamic area cannot be precisely deter- 
mined, but it was presumably in the 3rd/9th or 
4th/ioth century. It seems that the magnetic nee- 
dle in its primitive form originated in China, but 
was first systematically used for navigation by 
the navigators of the Indian Ocean. 421 Besides 
the numerous references in Arabic sources, the 
Portuguese also frequently provide perspicuous 
information on the various types of compasses 

421 v. F. Sezgin, op. cit. vol. 11, pp. 232-265. 
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used in the Indian Ocean. The Portuguese his- 
torian Hieronimus Osorius (1506-1580) gave 
a particularly impressive account of the three 
stages in the development of the compass with 
Arab navigators. 422 In the third type, the bowl 
carrying the disc with the magnetic needle was 
suspended in a cylindrical arrangement which 
later came to be known as “cardan” suspension. 
This type apparently already reached the Italian 
seafarers in the Mediterranean in the 15 th cen- 
tury, and also Christopher Columbus took such 
a compass with him. 423 It was the type of mari- 
ner’s compass commonly used in Europe until 
the 20th century, when the magnetic needle was 
separated from the cardboard disc and placed 
on a pin above the disc. If we understand Ibn 
Magid’s statement correctly (supra p. 72 and 
III, 67), he was the originator of this innovation 
which at first obviously did not enjoy much cir- 
culation. 

The distances between ports, islands, capes 
and bays of the Indian Ocean recorded by the 
two great navigators, Ibn Magid and Sulaiman 
al-Mahri, are remarkably close to modem values. 
Of the greatest significance are particularly the 
seven trans-oceanic distances given by al-Mahri, 
between the east coast of Africa and Sumatra or 
Java; of these the route passing approximately 
i° north of the equator deviates by only half a 
degree from the present-day value. 424 Quite re- 
markably the same precise length of the equator 
appears around 1 5 1 9 in a map drawn in Portugal 
by Jorge Reinel — which can only mean that a 
copy from an Arabic original served as a model 
here. Such accuracy was not found again until 
the second half of the 19th or even to the first 
half of the 20th century. 425 



422 

Jeronimo Osorio, De rebus Emmanuelis libri XII, 
Cologne 1574, Liber I, folio 27a ff.; F. Sezgin, op. cit. vol. 
11, pp 253-256. 

423 v. F. Sezgin, op. cit. vol. 11, p. 253. 

424 v. ibid, vol. 11, pp. 214-219. 

425 cf. ibid, vol. 11, pp. 93-99. 



We can take for granted the fact that such 
data, collected for centuries in the context of a 
navigation based on mathematics and astrono- 
my, would lead, in the hands of cartographers, 
to maps of high quality. While Portuguese sea- 
farers and other European travellers repeatedly 
mention nautical charts by local navigators on 
the Indian Ocean and in particular point out 
that longitudes and latitudes were indicated on 
these maps; 426 some of those charts survive in 
Portuguese copies. The fact that the two great 
representatives of navigation in the Indian 
Ocean hardly ever mention any maps was used 
by some historians of cartography to argue that 
this nautical aid was unknown or unavailable 
to them. The lacuna is now filled by the [81] 
Kitab al-Muhlt (“Book of the Ocean”) by the 
Ottoman admiral Sidi ‘All (d. 970/1562), which 
only was made fully accessible to research in a 
facsimile edition a couple of years ago. 427 This 
naval officer, who was usually operating in the 
Mediterranean, had suffered great losses through 
Portuguese attacks while fulfilling a mission in 
960/1553 to take fifteen ships of the Ottoman 
fleet from al-Basra to as-Suwais (Suez). The 
remainder of his fleet landed near Surat on the 
west coast of India. During a subsequent stay in 
Ahmadabad (961/1554) he wrote his book, basi- 
cally summarising the contents of several works 
by Ibn Magid and Sulaiman al-Mahri. 428 In the 
four sections of the seventh chapter devoted 
specifically to maps, his presentation leaves no 
doubt that a navigation based on the calcula- 
tion of distances and determination of bearings 
could not do without appropriate charts, neither 
in the Mediterranean nor in the Indian Ocean. 
He mentions three types of maps: charts of the 

426 v. ibid, vol. 11, pp. 323-336. 

427 ed. by the Institut fur Geschichte der Arabisch- 
Islamischen Wissenschaften, Frankfurt 1997. 

428 v. Die topographischen Capitel des indischen 
Seespiegels Moh.it, iibersetzt von Maximilian Bittner, 
... mit einer Einleitung ... von Wilhelm Tomaschek..., 
Vienna 1897, PP- 2 '3 (reprint in: Islamic Geography, vol. 
16, pp. 129-254, esp. pp. 136-137). 
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Indian Ocean, of the Mediterranean, and world 
maps. On the whole, it becomes clear that he 
understands maps as the representation of the 
mathematically surveyed surface of the Earth 
and that for him navigation can be practised only 
with the help of charts, magnetic compasses, di- 
viders, and instruments such as the astrolabe or 
the quadrant. 429 

Besides the charts of the Indian Ocean sup- 
ported by the measurements taken by navigators 
and besides the two main nautical instruments — 
the compass and the surveying instrument 
known in Europe as Jacob’s staff 430 or balhes- 
tilha (Arabic hasabat or hatabat ) — the method 
of measuring distance oblique to the meridian 
was also introduced into Europe. It was called 
toleta de marteloio and reached Italy in the 
15 th century. 43 ' Regarding the advanced naviga- 
tion which originated in the Indian Ocean, the 
Portuguese deserve the credit for having helped 
its wide dissemination in Europe, within the 
bounds of their understanding. However, it has 
been established beyond doubt that the measur- 
ing of distances between two points of the same 
latitude on opposite coasts, i.e. the determina- 
tion of trans-oceanic longitudinal differences — 
perhaps the most significant achievement of this 
nautical tradition — remained a closed book to 
them. That is, they appear to have known the 
problem as such, 432 but it seems they lacked the 
necessary trigonometric expertise to understand 
the procedure. 433 

With this overview of the field of navigation 
I would have concluded my survey of the most 
important achievements of the Arabic-Islamic 
world known to me, and would have moved on 
to the discussion of their influence on the west- 
ern world, yet I feel that by completely exclud- 
ing the iith/i/th century I would do injustice 

429 v. F. Sezgin, op. cit. vol. 11, pp. 265-268. 

430 v. ibid, vol. 11, pp. 302-306 

431 v. ibid, vol. 11, pp. 289-294. 

432 v. ibid, vol. 11, p. 287. 

433 v. ibid, vol. 11, p. 319. 



to an eminent philosopher of this period. I am 
referring to Sadraddin Muhammad b. Ibrahim 
Sirazi, known as Mulla Sadra (b. ca. 980/1572, 
d. 1050/1640) whose important position in the 
history of philosophy was brought to light only 
in 1912 thanks to Max Horten. The latter called 
Mulla Sadra “one of the great unknown figures 
in the history of humanities. In the narrow and 
meagre confines of the teaching profession he 
found time and energy to expound his own view 
of the world” [82] 434 Based on Sihabaddin as- 
Suhrawardi’s (d. 587/1191) light-theory, he for- 
mulated his theory of “evolutionary stages of 
being” in which “the concept of light was re- 
placed by being.” Through this shift Sirazi came 
to “a point of view from which he remodels the 
entire philosophy of his days.” 435 With great 
self-assurance, so Horten, he confronts the cur- 
rent philosophy. In his system he combines the 
entire heritage of Greek philosophical learning 
with mysticism. He considers Aristotle and Ibn 
Sina as the greatest philosophers ever. They are 
followed by Plato and as-Suhrawardl; Fahraddin 
ar-Razi (d. 606/1209) is esteemed as the great 
critic of Aristotelian philosophy. However, ac- 
cording to Horten, Mulla Sadra’s philosophy 
was not merely borrowed from the teachings of 
those masters, but was a deliberate attempt at a 
continuation of Ibn Sina 436 

With this brief reference to the importance 
of Mulla Sadra in the field of philosophy, I con- 
clude the examples for the contribution made by 
the Arabic-Islamic world area to the history of 
science. This closing however is not meant to 
imply that subsequently there were no occasion- 
al further achievements of significance. Yet with 
the end of the ioth/i6th century we find our- 
selves on the threshold of the period in which, in 
the field of sciences, the West begins to take the 

434 Max Horten, al-Shlrazi, in: Enzyklopadie des Islam, 
vol. 4, Leiden and Leipzig 1934, p. 407. 

43:1 Das philosophische System von Schirazi (gest. 1640) 
Translated and explained by M. Horten, Strasbourg 1913 
(reprint in: Islamic Philosophy, vol. 92), preface p. V. 

436 Ibid, preface, pp. VIII-IX. 



76 



SCIENCE AND TECHNOLOGY IN ISLAM 



lead in the field of sciences and in which it will 
relieve the Islamic world of this role. Keeping 
this in mind, the present overview would fail 
its aim if the enormous complex of the recep- 
tion and assimilation of Arabic-Islamic science 
in the Occident remained outside our purview. 



However, within the confines of this introduc- 
tion, such an attempt can only consist in hints 
towards the most basic issues, particularly as a 
comprehensive presentation of the matter, apt to 
historical reality, cannot also be expected for a 
long time to come. 




II 

RECEPTION and assimilation 
OF ARAB-ISLAMIC SCIENCE IN THE WEST 



[85] The first two — naturally quite modest — 
bibliographical studies devoted to books from 
the “Orient”, known in the West through transla- 
tions, appeared around the middle of the 19th cen- 
tury, at a time when Arab-Islamic science was 
looked upon with disdain rather than apprecia- 
tion, as the interests of historians were occupied 
increasingly by the development of natural sci- 
ences in the West. These two works are De auc- 
torum graecorum versionibus et commentariis 
syriacis arabicis armeniacis persicisque com- 
mentatio by Johann G. Wenrich (Leipzig 1842) 
and Die Ubersetzungen der arabischen Werke 
in das Lateinische seit dem 11 . Jahrhundert by 
Ferdinand Wiistenfeld (Gottingen 1877). For a 
long time, basically until today, interest in the 
question of the transfer of Arab-Islamic sci- 
ences — with the exception of certain subjects — 
was restricted to translators, works translated and 
extant manuscripts. Yet the issue of the impact 
of Arab-Islamic sciences as such in the West, be 
it through translations or through personal con- 
tacts, and the assessment of its significance rests 
mainly on the study of the scientific content of 
the Arabic (or Persian) writings and thus ulti- 
mately on the evaluation of the progress their 
authors made relative to their predecessors, in 
particular the Greeks. As shown above, Arabist 
research has meanwhile achieved remarkable 
results in the assessment of many surviving 
works so that a first evaluation in the context of 
the universal history of science was already fea- 
sible and even the question of the impact was 
addressed on a rudimentary level. The latter was 
largely limited to individual subjects or issues, 



only in a few areas was the question of influence 
treated on a larger scale. 

A rare phenomenon in the history of science 
is the French Arabist Ernest Renan (1823-1892), 
who dealt with the issue of the reception of the 
Arab-Islamic sciences in the West in the field 
of philosophy. Writing his ingenious and ad- 
mirable study Averroes et l ’ Averroi'sme 1 in 1853, 
Renan had at his disposal only a small number 
of sources and he could hardly count on the 
support of his contemporaries. Nevertheless his 
work has remained valid to some extent until 
today. Starting with the assumption that in 4th/ 
10th century Spain, Arabic was the common lan- 
guage of Muslims, Christians and Jews, he real- 
ised the role of the latter in the dissemination of 
Arab-Islamic philosophy in [86] Europe. 2 Renan 
maintained that secular Jewish literary culture 
in the Middle Ages was nothing but a mirror im- 
age of the Islamic culture^ just as Jewish phi- 
losophy since Maimonides (Ibn Maimun) had, 
according to Renan, been nothing but a reflec- 
tion of Arabic philosophy. 4 The entire school of 
Maimonides had remained true to the peripa- 
tetic tradition of Averroes (Ibn Rusd).'> In gen- 
eral, so Renan, Jewish philosophy bore the traits 
of Arabic philosophy, even after the Jews had 

1 Third edition Paris 1867, reprint: Frankfurt, Institut fur 
Geschichte der Arabisch-Islamischen Wissenschaften 
1985. 

2 E. Renan, Averroes et l ’Averroi'sme, op. cit., p. 174. 

3 ibid, p. 173. 

4 ibid, p. 175. 

5 ibid, p. 182. 



